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ABSTRACT

PHEASANT ECOLOGY IN AN AGRICULTURAL LANDSCAPE
OF SOUTH DAKOTA

SPRIH HARSH
2021
Habitat loss and fragmentation are the greatest threats to wildlife conservation.
Grasslands are among the most threatened ecosystems worldwide. The large-scale
conversion of North American grasslands to cultivation has been strongly associated with
declines of grassland bird populations. The ring-necked pheasant (Phasianus colchicus)
is a common grassland bird which is negatively impacted by the conversion of grassland
to cropland. Though pheasants are non-native to South Dakota, they have become
naturalized in most of the state. However, with increases in agricultural intensification in
South Dakota, indices of pheasant abundance from brood route surveys suggest that
pheasant populations have declined to historically low levels throughout the state. Over a
period of 3 years (2017-2019), we i) examined pheasant space use in multiple seasons, ii)
quantified nest-site selection and brood-site selection, and iii) estimated adult survival
during breeding season. Additionally, we used annual count data from pheasant brood
routes from 1993-2016 to identify high (HotSpot) and low (ColdSpot) pheasant
productivity areas and their landscape attributes. Lastly, we used survey data from 20112019 and N-mixture modeling to identify landscape attributes influencing pheasant
abundance.

xiv

We found that pheasant HotSpots were better explained by landscape
configuration (patch connectivity, and number of grassland patches) rather than
proportion of grassland. Pheasant abundance was also impacted by area under grassland,
area under small grain, and connectivity of rowcrop patches. Pheasants’ space use varied
slightly among seasons. Pheasants preferred grassland, Conservation Reserve Program
(CRP), and road-side cover during both winter and breeding seasons. During winter,
pheasant space use was also impacted by distribution of wetland, forest and rowcrop in
the landscape. Our result demonstrated the importance of vegetation structure and percent
grass cover on nest-site selection at the microhabitat scale. At the macrohabitat scale,
pheasant nest-site selection was also positively associated with area under CRP, area
under small grain, and contiguity of grassland patches. Pheasants tended to avoid areas
with high relative abundance of mammalian predators. At microhabitat scale, nest
survival was negatively impacted by percent litter cover and estimated nest survival was
68% (95% CI = 57%-77%). Proximity to rowcrop and small grain best explained nest
survival at macrohabitat scale and estimated nest survival was 46% (95% CI = 33%60%). We found that at a local scale, brood-site selection was positively associated with
arthropod biomass and vegetation structure while at a broader scale, pheasants with
broods tended to select for sites with less area under rowcrop and more isolated rowcrop
patches. Broods in our study area had low survival (0.22; 95% CI = 0.10-0.52). Average
daily temperature and precipitation during first two weeks since hatch best explained
brood survival. We estimated pre-nesting and nesting season adult survival as 0.85 (95%
CI = 0.80-0.91) and 0.72 (95% CI = 0.66-0.81), respectively. Our survival analysis
suggested habitat heterogeneity to be an important predictor of adult survival. Area of

xv

CRP grassland, proximity to road, and proximity to small grain positively influenced
survival during the breeding season. Adult survival was negatively impacted by relative
abundance of mammalian predators in the area.
We recommend that managers work closely with landowners and facilitate public
x private landscape conservation cooperatives to balance the needs of pheasants with the
needs of the landowners. For example, cooperative farming agreements can be utilized
whereby private landowners plant crops in a rotation specified by managers to create a
landscape mosaic maximally beneficial to pheasants; in turn, landowners may receive
either direct payments or tax credits for their participation and adherence to management
planting guidelines. These findings provide intriguing insights into the debate regarding
the merits of the importance of managing habitat area versus landscape characteristics
(e.g., connectivity or number of patches).
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CHAPTER

1:

EMERGING

HOTSPOT

ANALYSIS

REVEALS

THE

IMPORTANCE OF GRASSLAND AREA AND PATCH CONNECTIVITY FOR
GRASSLAND BIRD IN SOUTH DAKOTA1
ABSTRACT
Context
Habitat fragmentation is an important driver of biodiversity decline.
Understanding how species respond to landscape composition and configuration in a
dynamic landscape is of great importance for informing conservation and management of
grassland species.
Objectives
We aimed to identify environmental drivers of spatiotemporal variability in
landscape productivity for pheasants (Phasianus colchicus) across South Dakota, USA.
Methods
Using an emerging Hotspot analysis, we analyzed annual count data from 105
fixed pheasant brood routes over a 24-year period to identify high (HotSpot) and low
(ColdSpot) pheasant productivity areas. We then applied a structural equation modeling
framework to evaluate landscape attributes associated with pheasant productivity among
spatial scales (500 m and 1000 m).
Results
We found that the availability of grassland positively impacted pheasant HotSpots
at both spatial scales. At broader scales, pheasant HotSpots were also positively impacted
by proportion of small grain cultivation. However, pheasant abundance was better
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explained by configuration of elements in surrounding landscape (patch connectivity,
number of grassland patches), as opposed to the area of grassland. This suggests that
fragmentation per se had a larger impact on pheasant population than did habitat area on
the fragmented landscapes of South Dakota.
Conclusions
Pheasants responded more strongly to the configuration of land uses than the
composition of the landscape. We recommend that managers should maintain habitat
heterogeneity by managing grasslands to be highly clustered and well connected. Our
method of identifying high pheasant productive areas across landscape can be applied to
other species monitored with count data in the grassland ecosystem.
Keywords
Agriculture, Landscape change, Emerging HotSpot, Habitat fragmentation, Landscape
matrix, Scale-dependent responses
1

This chapter is prepared for Landscape Ecology journal
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INTRODUCTION
Habitat loss and fragmentation are two of the greatest threats to wildlife
conservation (Fahrig 2003; Haddad et al. 2015). The process of fragmentation involves
the splitting of natural habitat into smaller and more isolated patches and is intrinsically
coupled with habitat loss (Wimberly et al. 2018). Habitat fragmentation may reduce the
accessibility and suitability of surrounding patches for wildlife, by increasing the cost of
moving among habitat patches. Habitat loss and fragmentation combined with greater
exposure to human land uses have resulted in widespread declines in biodiversity. These
landscape changes have been linked to negative impacts to populations of fish (Yeager et
al. 2020), mammals (Rocha 2018), birds (Winter et al. 2006b; Cornelius et al. 2017),
insects (Prugh et al. 2008) and plants (Aguilar et al. 2019).
Grasslands are among the most threatened biomes worldwide (Hoekstra et
al. 2005). Nearly 98% of the native northern tallgrass prairie of North America has been
lost to cultivation of rowcrops and planting of non-native grasses for livestock production
(Samson et al. 2004). In North America, grassland songbirds are experiencing the
steepest population decline of any bird group (Rosenberg et al. 2019). From 1968 to
2008, 37% of grassland obligate species experienced population decline (Sauer and
Link 2011).
In the United States, South Dakota has also experienced a substantial decline in
perennial grassland cover, due primarily to the conversion of grasslands to cultivation
(Wright and Wimberly 2013; Bauman et al. 2016). Between 2006 and 2012 South Dakota
lost approximately 76% of extant grasslands to other land uses. Almost 58% of this loss
occurred in key pheasant regions (Reitsma et al. 2014). Numerous species have suffered
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severe population declines as a result of the frequency and intensity of agricultural
expansion. For example, grassland songbirds, prairie butterflies, and waterfowl using
grasslands for nesting have experienced substantial declines in abundance (Greer et al.
2016; Bauman et al. 2016).

The ring-necked pheasant (Phasianus colchicus; hereafter pheasant) is an edgetolerant species that is negatively impacted by the conversion of grassland to cultivation
(Hill and Robertson 1988; Tapper 1999). Pheasants were first introduced to South Dakota
in 1909 (Laingen 2011) and subsequently expanded in distribution with agricultural
development, leading researchers to consider pheasants to be edge-phyllic or at least
highly tolerant of edge conditions and cultivation (Baxter and Wolfe 1973; Jorgensen et
al. 2014). However, for the past 30 years as cultivation has intensified and grassland and
emergent wetland areas have declined in abundance or quality, pheasant populations have
also declined across South Dakota (Midwest Pheasant Study Group 2013). Annual brood
survey data in South Dakota indicated a nearly ~41% decline in pheasant relative
abundance from 2008 to 2018 (Runia 2018). This coincided with a ~37% loss of
grasslands enrolled in the Conservation Reserve Program, and a ~24% increase in
harvestable corn (Them ayes) and soybean (Glycine max) area (Wimberly et al. 2017).

Despite being an introduced species, pheasants are economically and socially
important for South Dakota. According to the South Dakota Department of Game, Fish,
and Parks (South Dakota Department of Game, Fish and Parks 2016), pheasants are the
largest contributor to upland game hunting, which is a multimillion-dollar industry in
South Dakota. Pheasant hunting has also become a social activity reuniting family and
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friends (South Dakota Department of Game, Fish and Parks 2016). A recent analysis
suggested that in a single county in South Dakota, pheasant hunting generated $9.7
million in economic benefit and created 111 jobs (Gregory and Mills unpublished data).

Understanding mechanisms and drivers of recent broad-scale pheasant population
decline in South Dakota is an important management objective and can provide insights
into the sensitivity of a grassland species to landscape changes. Given the importance of
pheasants to social and economic aspects of South Dakota (South Dakota Department of
Game, Fish and Parks 2016), conserving pheasants can protect habitat for native
grassland species. Moreover, the dynamic nature of this agriculturally dominated
landscape provides an opportunity to investigate species-habitat relationships and identify
landscape attributes useful in predicting habitat quality. With limited conservation
funding, targeted and prescribed management at the appropriate landscape scale is
required to optimize conservation efforts. Here, we aim to identify factors behind
spatiotemporal variability in landscape productivity for pheasants across South Dakota.

In this study, we used an emerging Hotspot analysis of annual pheasant brood
survey data to investigate the spatial and temporal drivers of pheasant population
dynamics. Specifically we evaluate 1) the spatial and temporal variability of high and low
pheasant productivity areas in South Dakota, 2) the spatial context and landscape
heterogeneity of high pheasant productivity areas to areas under agricultural production,
3) the degree to which high pheasant productivity areas were correlated to natural land
cover, and 4) how the inter-juxtaposition of agricultural land uses and natural areas
impacted pheasant productivity.
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METHODS

Study System
South Dakota is part of the prairie potholes ecosystem and is comprised primarily
of open grasslands east of Missouri River and upland steppe ecotypes in the west. Our
study occurred primarily in eastern South Dakota, which was characterized by tallgrass
prairie and highly fragmented by agriculture (Johnson and Larsen 1999; Higgins et al.
2000). Our study system had a mid-continent mid-latitude temperature and precipitation
regime characterized by cold snowy winters and hot dry summers. Average low
temperature for January was ~11°C, while the average high temperature was ~30°C in
July. Late springs and early summers experienced moderate rainfall with average annual
precipitation of 508 mm (Frankson et al. 2017). Cultivated agriculture was a dominant
land use and a key component of the regional economy, accounting for nearly $25.6
billion (~30%) of South Dakota’s total economy (Decision Innovation Solutions 2014).
Pheasant Data
We used annual pheasant brood survey data collected from 1993 to 2016 by the
South Dakota Department of Game, Fish, and Parks. Roadside brood surveys of
pheasants have been conducted since 1949 (Flake et al. 2012). Annual pheasant brood
surveys included counts of males, females, and broods observed along 110 fixed 48-km
survey routes distributed across the pheasant range in South Dakota (Laingen 2011).
Routes were surveyed from 25 July to 15 August each year using standardized methods
on mornings when weather conditions were optimal for observing pheasants.
Specifically, during surveys one observer counted the number of pheasants and broods
observed within 0.2 km of the roadway while driving at a speed <48 km/hour (Laingen
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2011). Optimal weather conditions included clear skies, heavy dew, and light winds. Raw
pheasant counts were then converted into a pheasant*km-1 index of pheasant abundance
(Runia 2019).

We subsetted this data to include 93 routes located east of the Missouri River and
12 routes located southwest of the Missouri River (Fig. 1-1). We censored 5 routes that
were west of the Missouri River where route density was too low to adequately
parameterize the spatial analysis and account for difference in land cover (i.e., dominated
by mixed-grass prairie) from the tallgrass prairies. The resulting spatial coverage of
routes aligned with areas where pheasant populations in South Dakota were concentrated;
thus, our sampling extent included the majority of the pheasant population in South
Dakota (Fig. 1-1).

Land Cover Data
We used the Cropland Data Layer (CDL) to characterize land cover for each route
(US Department of Agriculture, National Agricultural Statistics Service 2017). One
drawback to the CDL for South Dakota is that data is not available before 2006 (Johnston
2014). Therefore, we restricted our analysis of the influence of land cover to the 11-year
period from 2006 to 2016. We reclassified the original 133 CDL land-cover classes into
five cover classes: grassland, rowcrop, small grains, wetlands, and other. Grassdominated land cover ranged from native prairie to anthropogenically altered grasslands
such as hay lands and pastures. Because of their spectral similarity, these different cover
types were difficult to resolve in satellite imagery. Agricultural crops including corn,
soybean, and sorghum (Sorghum bicolor) were categorized as rowcrop. Crops including
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wheat (Triticum aestivum), barley (Hordeum vulgare), and oats (Avena sativa) were
classified as small grains. Woody and herbaceous wetlands were classified as wetlands.
Remaining land-cover types were classified as other (Wright et al. 2017).
Identifying areas of high, average, and low pheasant productivity
To identify areas as high (HotSpots), average (AverageSpots), and low
(ColdSpots) pheasant productivity, all routes were converted to point features using
ArcGIS v10.6 (ESRI, Inc., Redlands, CA, USA) where each point depicted the mid-point
of the respective route. We then applied the Getis-Ord GI* statistic to conduct an
independent HotSpot analysis of pheasant*km-1 for each year from 1993 to 2016 (Ord
and Getis 1995). We used incremental spatial autocorrelation to identify the distance
band threshold that exhibited maximum clustering (Lu et al. 2019).
Once we determined HotSpots, AverageSpots and ColdSpots for each year of the
24-year study period, we created separate point feature files for significant HotSpots and
ColdSpots stratified by year, and then bound those areas using a minimum convex
polygon (MCP). This yielded a set of 24 HotSpots and a set of 24 ColdSpots, one for
each year. In each of these HotSpot or ColdSpot MCPs, we coded 1 for those areas that
were HotSpots or ColdSpots, respectively, and 0 for all other. We then overlaid the
HotSpot or ColdSpot MCP layers and summed the MCPs to calculate the number of
times over our 24-year study period that an area was a HotSpot or ColdSpot. Similarly,
we calculated areas that were AverageSpots. To characterize the trend in pheasant
population across these different levels of pheasant productivity, we then calculated
average pheasant*km-1 along routes identified as HotSpots, ColdSpots, and
AverageSpots.
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Determination of Landscape characteristics
We computed landscape metrics associated with our reclassified land-cover data
for each route classified as either a HotSpot or as a ColdSpot annually for the 11-year
period from 2006 to 2016 with FRAGSTATS v4.2 (McGarigal et al. 2012). We chose
routes, instead of points, for creating buffers because landscape characteristics across
these 48-km routes depicted an area being a HotSpot or a ColdSpot. All landscape
metrics from FRAGSTATS were computed at two spatial neighborhoods (500 m and
1000 m). This process involved creation of 500-m and 1000-m buffers around each route
(1 and 2 times the average pheasant home range radius during nesting and brooding
seasons, respectively; Clark et al. 1999; White 2012). Reclassified land cover was then
extracted for each of the buffered routes and used to calculate landscape metrics that we
predicted would be important factors influencing pheasant HotSpots based on the ecology
of gallinaceous birds. This included composition, contiguity, and fragmentation metrics
of each land-cover class for each spatial neighborhood (Niemuth 2000; Niemuth 2011;
Adkins et al. 2019). Composition metrics included proportion of area of each land-cover
type in each buffer. Contiguity of land cover was measured using the contiguity index,
which represented the size and connectivity of patches of a given land-cover type on a
scale of 0 (small patches) to 1 (large and contiguous patches). Fragmentation was
measured using the number of patches, which summed the number of patches of each
land-cover type at each scale. Increasing fragmentation of a land-cover type represented
an increase in the number of patches.
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Prior to modeling the effects of landscapes attributes on pheasant productivity, we
first evaluated correlations among landscape metrics. Covariates with Pearson’s Product
Moment Correlation |r| < 0.7 were retained for analysis (Farrell et al. 2019). We assessed
models relating the probability of an area being a HotSpot or ColdSpot (coded as 1 for
Hotspots and 0 for ColdSpots) as a function of landscape characteristics across multiple
spatial scales using a layered modeling approach (Amundson and Arnold 2010; Daly et
al. 2015) in an information-theoretic framework (Burnham and Anderson 2002). Using
package lme4 (Bates et al. 2015) in the R software v3.6.1 (R Core Team 2019), we
created multiple linear mixed models for each of three levels (composition, contiguity,
and fragmentation) and two scales (500 m and 1000 m).
We first evaluated models with covariates related to composition of land-cover
types across both scales using all possible combinations of included variables. Support
for these models were assessed based on Akaike's Information Criterion with small
sample size correction (AICc; Burnham and Anderson 2002). The predictors from the
most-supported models whose 85% confidence interval did not overlapped zero were
then fit with all possible combination of cover type contiguity indices to again identify
the most-supported models for predicting pheasant HotSpots using both composition and
contiguity matrices. This process was repeated to evaluate fragmentation covariates that
impact pheasant HotSpots while using predictors from the most-supported models for
composition and contiguity. The hierarchical structure of our modeling approach was
meant to mimic the hierarchical nature by which species likely select resource areas from
the landscape (Johnson 1980). For this analysis we evaluated the impact of composition,
contiguity, and fragmentation of landscape in this order (area  connectivity 
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fragmentation) to predict areas of pheasant HotSpots based on published information and
results of previous studies on pheasant ecology and pheasant-habitat relations (see
Appendix I for more details).
At each step of the model selection process, we selected the most-supported
models from among candidate models using a ΔAICc threshold of ∆AICc ≤ 4, while
accounting for potential uninformative parameters (Leroux 2019). We used ∆AICc, log
likelihood and 85% CI to identify uninformative predictors (sensu Leroux 2019); models
containing uninformative predictors were excluded from subsequent model sets. For each
spatial scale analyzed we used model-averaged parameter estimates to predict area of
pheasant HotSpots relative to landscape characteristics. We also used sum of weights of
competitive models where a variable was present to evaluate individual variable
performance at each scale (Harrison et al. 2018). To identify important factors predicting
areas of HotSpots, we model-averaged estimates for parameters from the final selected
models. A parameter in the most-supported model(s) was considered important if the
parameter’s 85% confidence interval excluded zero. We used 85% threshold to reduce
the risk of excluding legitimate parameters in this hierarchically structured informationtheoretic approach of model selection (Arnold 2010). We report all statistical parameters
as the mean ± SE.
RESULTS
Of 105 brood routes included in the analysis, 54 routes contributed towards
creation of HotSpots in ≥1 year, 36 routes were part of ColdSpots in ≥1 year, and 99
routes were part of AverageSpots in ≥1 year. There were 14 routes that alternated
between being assigned as HotSpots or ColdSpots.
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We observed an average count of 4.60 ± 0.41 pheasant*km-1 over the 24-year
study period and an average count of 4.85 ± 0.68 pheasant*km-1 over the most recent 11year period (Fig. 1-2). Over the 24-year period, pheasant indices exhibited a positive
population trend of 0.04 ± 0.06 pheasant*km-1*year-1 (Fig. 1-3). In contrast, pheasants
showed a negative trend over the 11-year period (-0.59 ± 0.13 pheasant*km-1*year-1; Fig.
1-3). Across the 24-year period, HotSpots had an average count of 9.26 ± 0.74
pheasant*km-1 but a negative population trajectory of -0.06 ± 0.11 pheasant*km-1*year-1
(Fig. 1-2a and Fig. 1-3a), whereas ColdSpots and AverageSpots had an average count of
1.61 ± 0.16 pheasant*km-1 and 3.94 ± 0.89 pheasant*km-1, respectively (Fig. 1-2a).
During this time period, ColdSpots followed a negative popualtion trend of -0.79 ± 0.02
pheasant*km-1*year-1 and AverageSpots showed a postive trend of 0.9 ± 0.75
pheasant*km-1*year-1 (Fig. 1-3a). Over the 11-year period we observed that areas of
HotSpots had an average count of 9.22 ± 0.32 pheasant*km-1 with a negative population
trajectory of -0.39 ± 0.37 pheasant*km-1*year-1 (Fig. 1-2b and Fig. 1-3b), whereas areas
of AverageSpots and ColdSpots had an average count of 3.59 ± 0.99 and 1.6 9± 0.18
pheasant*km-1, respectively (Fig. 1-2b). We also observed a decreasing population trend
in both Coldspots (-1.27 ± 0.29 pheasants*km-1*yr-1) and AverageSpots (-2.81 ± 0.49
pheasant*km-1*year-1; Fig. 1-3b).
HotSpots covered a total area of 47,643 km2 (~38% of study area) with a core
area of 3,512 km2 that was consistently a HotSpot for all 11 years (Fig. 1-4a). Bordering
this core area to the north and south were 4,153 km2 that were HotSpots for 10 of 11
years. These areas were further buffered by another 3,989 km2 that were HotSpots for 9
of 11 years. In total, ~24% of the study area was a Hotspot for ≥9 years (Fig. 1-4a). The
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maximum number of years that an area was a ColdSpot was 9 of 11 years as there was no
overlap of ColdSpots from 2015 and 2016 to contribute towards the final count. In
addition, there was an 8,098 km2 area that was a HotSpot in 2007 and ColdSpot for ≥7
years. ColdSpots occupied a total of 20,846 km2 (~17 % of study area), of which, there
was a 454 km2 core that was a ColdSpot for 9 of 11 years. Adjoining this area to the west
was 1,214 km2 that were a ColdSpot for 8 of 11 years. Buffering these two areas was
another 1,343 km2 that were a ColdSpot for 7 of 11 years. In total, ~14% of the study
area was a ColdSpot for ≥7 years (Fig. 1-4b). ColdSpots for a span of 24-year had an
additional area of 3,938 km2 compared to ColdSpots for 11-year period. Similarly,
HotSpots over 24-year had an additional area of 7,034 km2 compared to HotSpots over
11-year. We observed a decline in areas under AverageSpots over both 24-year (-0.02
km2*yr-1 ± 0.01) and 11-year (-0.01 km2*yr-1 ± 0.05) periods. ColdSpots showed an
increasing trend (0.05 km2*yr-1 ± 0.03) over the 24-year period, and decline (-0.03
km2*yr-1 ±0.03) over the 11-year period. Areas under HotSpots demonstrated a positive
trend over both the 24-year (0.09 km2*yr-1 ± 0.03) and 11-year (0.02 km2*yr-1 ± 0.02)
periods (Fig. 1-5).
Environmental Drivers of HotSpots
Across the 500-m and 1000-m spatial scales surrounding pheasant brood survey
routes, we evaluated a total of 42 different candidate models to explain drivers of
pheasant HotSpots. At the 500-m spatial neighborhood, pheasant HotSpots were
positively associated with grassland area and contiguity of grassland, and were negatively
influenced by contiguity of rowcrop and number of patches in rowcrop (Table 1-1). At
the composition level, area under grassland and area under small grains best explained
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pheasant HotSpots with area under grassland as the most important predictor based on
cumulative Akaike weight (Table 1-1). Pheasant HotSpots at contiguity level were best
explained by area under grassland, contiguity of grassland, contiguity of rowcrop, and
contiguity of small grain. All of these variables were equally important in explaining
pheasant HotSpots (Table 1-1). At fragmentation level, number of patches in rowcrop had
a negative impact on pheasant HotSpots. At this level, pheasant HotSpots were also
negatively impacted by rowcrop contiguity while positively impacted by area under
grassland and contiguity of grassland. The most-supported models at composition,
contiguity and fragmentation levels had Akaike weights of 0.95, 0.90, and 0.82,
respectively (Table 1-2).
At the 1000-m spatial neighborhood, pheasant HotSpots were positively
associated with area under grassland, area under small grain, number of patches of
grassland and were negatively influenced by contiguity of rowcrop (Table 1-1). At the
composition level, pheasant HotSpot occurrence were best explained by area under
grassland and area under small grain. At this level both variables were equally important
predictor (Table 1-1). Pheasant HotSpots at contiguity level were best explained by area
under grassland, area under small grain, contiguity of small grain and contiguity of
rowcrop. Contiguity of small grain was the most important predictor in explaining
pheasant HotSpots (Table 1-1). At the fragmentation level, number of patches in
grassland had a positive impact on pheasant HotSpots. At this level, pheasant HotSpots
were also positively impacted by area under grassland and area under small grain, and
negatively impacted by rowcrop contiguity and small grain contiguity. The mostsupported models at composition, contiguity and fragmentation levels had Akaike
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weights of 0.94, 0.81, and 0.99, respectively (Table 1-2). At small scale and broad scale,
increasing the amount of grassland by 30% would increase probability of an area being
pheasant HotSpots in our system by ~40% (Fig. 1-6a) and ~70% (Fig. 1-6b), respectively.

DISCUSSION
Over the 24-year period, pheasant populations in South Dakota have shown a
positive population trend, however during the latter decade, pheasant populations across
South Dakota have declined. When we consider spatial variation in pheasant
productivity over the latter decade, we observed high rates of decline across HotSpots,
ColdSpots and AverageSpots. We anticipated that HotSpots would occur in areas of high
quality habtiat and would support positive pheasant population trajectories (Dias et al.
2019; Saarimaa et al. 2019). Rather, HotSpots also contained declining pheasant
populations, albeit at a slower rate than was observed for ColdSpots and Average Spots,
suggesting HotSpots had relatively higher suitability for pheasant populations. One
potential explanation is that land-use changes over the past decade have incurred an
extinciton debt upon pheasants and the pheasant population is still responding to the new
landscape configuration (Helm et al. 2006; Krauss et al. 2010). Similar results have been
shown to occur for birds (Warren et al. 2019), mammals (Cooke et al. 2019), plants
(Cooke et al. 2019) and butterflies (Krauss et al. 2010).
We observed an increase in HotSpot areas with a simultaneous decrease in
pheasant abundance and an overall lowering of pheasant numbers required to be a
HotSpot among years. This suggests that even though we observed an expansion of the
HotSpot area across South Dakota, the overall quality of these Hotspots was declining to
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be more similar to AverageSpots or ColdSpots. This could also be a response to increased
habitat fragmentation restricting access to resources below a level suitable to sustain
pheasant viability (Hanski and Ovaskainen 2006; Uezu and Metzger 2016).
Fragmentation may also enhance predation pressure in landscapes by increasing predator
abundance and inducing edge effects (Chalfoun 2002; Ryall and Fahrig 2006). This
further highlights the importance of identifying patches for prioritization in habitat
management to deal with a potential extinction debt and avoid future population decline
(Hanski and Ovaskainen 2006; Furrer and Pasinelli 2016; Bueno et al. 2018).
Apart from a mosaic of habitat that is necessary to fulfill the life stage
requirements for pheasants, pheasant populations are significantly impacted by harsh
weather conditions (Laskowski et al. 2017). Drought is known to limit resources (e.g.,
concealment and food), which could necessitate increased movements and decrease
survival rates and reproduction (Prochazka et. al 2016). The summer of 2012 was one of
the harshest droughts in South Dakota history. When coupled with a harsh winter in 2013
with numerous early season blizzards, 2013 to 2014 was one of the worst pheasant
productivity years across the state (South Dakota Drought Task Force 2015; Fig. 1-3). To
further exacerbate the situation, one of the largest net losses of grassland area to
cultivation occurred from 2012 to 2014 (Baumann et al. 2014). We observed that
HotSpots exhibited a significant reduction of grassland area and an increase in
fragmentation among grassland patches during this period (Appendix I Fig. A1). The
result of this land-use conversation and climatic stressors combined to result in the
greatest per capita decline in pheasant counts observed in HotSpots throughout our
analysis (Fig. 1-3).
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Moreover, we note that in many cases it is not a single stressor that pushes a
population past a threshold but a combination of stressors. For example, sage-grouse
(Centrocercus urophasianus) in Wyoming were relatively resistant to West Nile Virus or
oil and gas fracking, but the combination of both stressors resulted in rapid population
decline and in some cases extirpation (Taylor et al. 2013). Similarly, it appears that in
South Dakota the combination of extreme weather events and rampant landscape
conversion to cultivation is contributing to the observed pheasant decline.
Despite pheasants being classified by some as habitat generalists, due to their
distribution across a wide range of habitats (Bridgman 2002), they are primarily a
grassland species and require large tracts of grassland to successfully fledge offspring,
and to improve adult survival (Clark et. al 1999; Riley and Schulz 2001). It is not
surprising, that area under grassland had a positive impact on pheasant counts at both
spatial scales, but our findings also showed benefits of availability of area under small
grain at a broad scale. Small grains are widely known to contribute to breeding success of
pheasants (Jorgensen et al. 2014; Pauly et al. 2018). In agricultural landscapes where
undisturbed grasslands have become limited, cultivated lands producing small grains
(e.g., winter wheat) can provide good cover and increase breeding opportunities for
pheasants (Jorgensen et al. 2014; Pauly et al. 2018).
Grassland area and patch size were key predictors for pheasant HotSpots at both
500-m and 1000-m spatial neighborhoods, which is consistent with previous studies
(Clark et al. 1999; Schmitz and Clark 1999; Simonsen and Fontaine 2016; Pauly et al.
2018; Annis 2019). The positive relationship between habitat area and number of
individuals it can support, is one of the most important phenomena in ecology and has
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been frequently used to describe the effects of area loss on species density or their
frequency of occurrence (Winter and Faaborg 1999; Winter et al. 2006b). Many studies
on the impact of fragmented landscapes have demonstrated strong area effects on species
abundances and concluded that differences in habitat area is a primary factor determining
population persistence (Benassi et al. 2009; Schipper et al. 2011).
However, the apparent importance of amount of grassland varied depending on
the model structure. Although pheasants have higher densities in grasslands, they also use
the surrounding matrix for foraging, finding mates, and dispersal (Shahan et al. 2017;
Wimberly et al. 2018; Warner 2019). Area sensitivity is not always consistent (Horn and
Koford 2006; Ribic et al. 2009), because the landscape matrix surrounding grasslands can
influence and modify the density and relative abundance of grassland birds (Horn and
Koford 2006; Renfrew and Ribic 2008). We found that contiguity and number of patches
of different land-cover types also influenced the relationships between habitat area and
pheasant HotSpots. Specifically, a large number of grassland patches at broader scales
can provide more potential connections and can act as stepping-stones, which can
increase the possibility of rescue effects and also decrease the probability of local
extinctions (Wimberly et al. 2018). We found positive effects of connectivity of grassland
and strong negative effects of connectivity of cultivated land at both spatial scales. The
positive effect of grassland connectivity implies that for a habitat patch of a given size, a
well-connected patch will support more pheasants than an isolated patch (Samways and
Pryke 2016). Connectivity among grassland patches would not only facilitate dispersal by
grassland birds, but also may enhance arthropod diversity and plant assemblage diversity
(Wamser et al. 2012; Villemey et al. 2015), which can further improve survival and
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reproduction of grassland birds. The negative effect of cultivated land could be related to
increased diversity and abundance of generalist predators in fragmented landscape
(Beasley et al. 2011; Beasley et al. 2013). Cultivated fields, particularly newly planted or
stubble fields, are found to attract prey species (Anteau et al. 2011; Iglay et al. 2017) but
provide poor protective cover (Kuzmenko 2012; Jorgensen et al. 2014), which can
increase predation of grassland birds by mammalian (e.g., raccoons, Procyon lotor;
coyotes, Canis latrans) and avian (e.g., great horned owls, Bubo virginianus) predators
that frequently pursue prey in agricultural areas (Ward et al. 2018).
Based on the observed effect sizes among predictor covariates, our results
indicated that fragmentation per se had stronger impact on pheasant HotSpots than
grassland area within the fragmented landscapes. Unlike the modeling work of Fahrig
(2003, 2020) who suggested that the amount of habitat is more important for bird
abundance than other elements of the landscape, our results from empirical field
observations demonstrated that it is landscape structure and configuration that better
explained pheasant abundance than explained by landscape composition. This could also
be explained by the habitat heterogeneity hypothesis, which suggests that instead of
having one large uniform habitat, different habitat patches interspersed together in a
landscape matrix can support greater abundance of a species (Martinez et al. 2015).
Our analysis of landscapes with declining population of pheasants highlighted the
importance of evaluating multiple spatial scales when investigating relationships between
landscapes and wildlife population. We suggest that to improve management efficacy and
long-term persistence of populations, managers need to identify ecological factors at
multiple scales that enhance, facilitate, or constrain populations. Pheasants appeared
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more sensitive to the configuration of elements in the surrounding landscape, rather than
the composition of the landscape. Therefore, we recommend that managers maintain
connectivity among high quality grassland cores to facilitate dispersal among patches and
maintain meta-population dynamics (Reed and Levine 2005; Scheiman et al. 2007).
Maintaining habitat heterogeneity by managing habitats suitable for pheasants such as
landscapes composed of a high proportion of small grains could enhance benefits of local
management practices. The early grass-like habitat provided by small grains may
positively impact pheasants during their nesting season by providing breeding
opportunities. In landscape systems where the majority of land is privately owned, groups
of landowners may be incentivized to coordinate efforts at the landscape scale. This
process can be expanded to include smaller parcels of public land by developing
relationships with neighboring landowners and providing incentives for cooperative
conservation agreements among private landowners to facilitate joint public-private
landscape conservation cooperatives. For example, cooperative farming agreements can
be utilized whereby private landowners plant crops in a rotation specified by managers to
create a landscape mosaic maximally beneficial to pheasants; in turn, landowners may
receive either direct payments or tax credits for their participation and adherence to
management planting guidelines.
We demonstrated the importance of a novel approach in identifying high pheasant
productivity areas across the landscape and factors influencing these areas, which could
be extended for other species of management and conservation concern. An important
feature of this analysis is that it produced an index of relative pheasant productivity
regardless of annual variation in productivity, because even in poor years the highly
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productive areas were still identified as being more productive relative to other areas of
the landscape. Consequently, this analysis identified regions that were relatively more or
less productive regardless of overall annual population performance. This is an important
attribute of this analysis as other species of gallinaceous birds have been shown to have
high periodicity in annual count data and to respond quickly to environmental conditions
(Thogmartin et al. 2002; Lusk et al. 2007).
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Table 1-1. Parameter estimates, standard errors (SE), p-value, 95% confidence interval lower and upper (LL, UL), and cumulative
Akaike weights (Cum wt.) for different predictors for the most-supported models at each scale explaining probability of area being
pheasant HotSpot from 2006 to 2016 across study area (105 pheasant brood-count survey routes), South Dakota, USA.
Scale

Parameters

Estimate

SE

p

LL

UL

500-composition

%Grass
%SmallGrain
%Grass
%SmallGrain
Csmallgrain
Crowcrop
Cgrass
Cwetland
%Grass
Cgrass
Crowcrop
Csmallgrain
NProwcrop
%Grass
%SmallGrain
%Grass
%SmallGrain
Csmallgrain
Crowcrop
Cgrass
Cwetland
%Grass
%SmallGrain
Crowcrop

0.020
0.010
0.010
0.002
-2.999
-3.074
2.296
0.623
0.010
1.782
-3.023
-0.927
-0.001
0.019
0.015
0.015
0.014
-2.268
-2.382
-1.229
-0.098
0.015
0.012
-2.463

0.070
0.010
0.533
0.020
1.272
0.951
0.661
0.801
0.002
0.562
0.845
1.240
0.004
0.003
0.002
0.002
0.004
1.002
1.483
0.971
0.638
0.002
0.004
1.080

<0.001
0.220
<0.001
0.716
<0.001
<0.001
<0.001
0.442
<0.001
<0.001
<0.001
0.457
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.115
0.214
0.881
<0.001
<0.001
<0.001

0.011
0.009
0.006
-0.007
-4.855
-4.463
1.331
-0.045
0.002
0.962
-4.257
-2.737
-0.002
0.014
0.013
0.012
0.011
-3.731
-4.546
-2.646
-1.031
0.005
0.001
-4.037

0.022
0.028
0.014
0.011
-1.142
-1.685
3.262
2.236
0.011
2.601
-1.789
0.882
-0.001
0.025
0.018
0.018
0.018
-0.805
-0.218
0.186
0.834
0.018
0.017
-0.888

500- contiguity

500- fragmentation

1000-composition
1000- contiguity

1000- fragmentation

Cum
wt.
0.95
0.62
0.90
0.90
0.90
0.90
0.90
0.51
0.82
0.82
0.82
0.82
0.82
0.94
0.94
0.81
0.81
0.81
0.55
0.36
0.17
0.99
0.99
0.99
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Csmallgrain
NPgrass
NPsmallgrain
NProwcrop
NPwetland

-1.779
0.001
0.001
-0.002
-0.001

1.596
0.001
0.001
0.003
0.004

0.274
0.130
0.346
0.300
0.713

-4.105
0.001
-0.001
-0.001
-0.001

0.546
0.002
0.001
0.003
0.003

0.99
0.60
0.11
0.21
0.08

Note: % represents percentage of landscape under each land cover type. C represents contiguity of each land cover type. NP represents number of
patches in each land cover type.
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Table 1-2. Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc values from the mostsupported model (∆AICc), log likelihood (LogLik), and Akaike weights (Weight) of models explaining probability of area being
pheasant HotSpot from 2006 to 2016 at spatial scale of 500 m, and 1000 m in study area (105 pheasant brood-count survey routes),
South Dakota, USA. % represents percentage of landscape under each land cover type. C represents contiguity of each land cover type.
NP represents number of patches in each land cover type (see Appendix I Table A1 for detailed result)
Scale
Models
K
AICc
∆AICc
LogLik
Weight
500-composition %Grass + %SmallGrain
5
75.0
0.0
-32.0
0.620
%Grass
4
76.3
1.3
-33.8
0.330
1
500-contiguity
Composition + Cwetland +
9
60.3
0.0
-19.4
0.513
Crowcrop + Csmallgrain + Cgrass
Composition1 + Crowcrop +
8
60.8
0.6
-21.1
0.389
Cgrass + Csmallgrain
500Contiguity2+ NProwcrop
8
56.6
0.0
-18.9
0.820
fragmentation
1000-composition %Grass + %SmallGrain
5
45.5
0.0
-17.2
0.942
1
1000-contiguity
Composition + Csmallgrain + Crowcrop
7
39.0
0.0
-11.4
0.386
1
Composition + Csmallgrain + Cgrass
7
40.4
1.4
-12.1
0.191
1
Composition + Crowcrop +
9
40.6
1.7
-9.6
0.167
Cwetland + Cgrass + Csmallgrain
Composition1+ Csmallgrain
6
42.4
3.4
-14.4
0.069
2
1000Contiguity + NPgrass
8
51.7
0.0
-16.5
0.602
2
fragmentation
Contiguity + NProwcrop
8
53.8
2.1
-17.6
0.209
2
Contiguity + NPwetland
8
55.2
3.5
-18.2
0.105
Contiguity2 + NPsmallgrain
8
55.7
4.0
-18.5
0.083
Composition1 = covariates from best supported composition model. 500 m: %Grass and %SmallGrain. 1000 m: %Grass and %SmallGrain.
Contiguity2=covariates from best supported composition and contiguity model. 500 m: %Grass, Cgrass, Csmallgrain, Crowcrop. 1000 m: %Grass,
%SmallGrain, Crowcrop, Csmallgrain.
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Fig. 1-1 Map of South Dakota, USA where the highlighted portion shows 105 brood-count
survey routes distributed across 53 counties to survey for pheasants from 1993 to 2016.
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a)

b)

Fig. 1-2 Boxplots of pheasants per km across different levels of pheasant productivity over
a) 24-year (1993-2016), and b) 11-year (2006-2016) period for AverageSpots (AS),
ColdSpots (CS), HotSpots (HS), and study area (SA) in South Dakota, USA
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a)

b)

Fig. 1-3 Trends in pheasants per km over a) 24-year (1993-2016) and b) 11-year (20062016) period across the study area (SA), HotSpots (HS), ColdSpots (CS), and
AverageSpots (AS). Legend indicates different area (trend in pheasant per km±SE). SE =
standard error.
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a)

b)

Fig. 1-4 Areas under a) pheasant HotSpot and b) pheasant ColdSpot over 11-year (20062016) period across study area in South Dakota, USA. The legend shows number of years
an area was either a HotSpot or ColdSpot.
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a)

b)

Fig. 1-5 Trend in area (sq. km) under different level of pheasant productivity over a) 24year (1993-2016) and b) 11-year (2006-2016) period in HotSpots (HS), ColdSpots (CS),
and AverageSpots (AS) across study area (105 pheasant brood-count survey routes), South
Dakota, USA. Legend indicates different area (trend in area ± SE). SE = standard error.
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a)

b)

Fig. 1-6 Predicted relationship between area under grassland (bold dashed line) with 95%
confidence interval (shaded area), and the probability that an area is categorized as a
pheasant HotSpot from 2006-2016 across study area (105 pheasant brood-count survey
routes), South Dakota, USA at a) 500-m and b) 1000-m scale.
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CHAPTER 2: AREA UNDER GRASS AND LANDSCAPE STRUCTURE DRIVE
ABUNDANCE OF GRASSLAND BIRD IN AGRICULTURAL LANDSCAPE OF
SOUTH DAKOTA1
ABSTRACT
Habitat fragmentation is an important driver that exacerbates the problem of
habitat loss for grassland birds. Recent work has suggested that a tradeoff exists between
habitat area and habitat heterogeneity, with a moderate amount of heterogeneity
supporting greater species abundance. We used N-mixture model to evaluate pheasant
relative abundance as a response to landscape composition and configuration in South
Dakota at local (500 m) and broad (1000 m) scales. Given importance of pheasants to
social and economic aspects of South Dakota, conserving pheasants can protect habitat
for native grassland species. Moreover, the dynamic nature of this agriculturally
dominated landscapes provides an opportunity to investigate species-habitat relationships
and identify landscape attributes useful in predicting habitat quality. We found that area
under grassland and Conservation Reserve Program were key predictors for pheasant
abundance at both spatial scales. At the broader scale pheasant abundance was also
positively impacted by area under small grain cultivation. There was strong evidence of
pheasant response to number of grassland patches and contiguity of rowcrops. Our results
support conventional wisdom that protection of large grassland is a priority but also
indicate that maintaining habitat heterogeneity will support higher pheasant populations.
We recommend that managers should maintain habitat heterogeneity by managing
grasslands to be highly clustered and well connected to facilitate pheasant population
across the landscape.
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Keywords: Agriculture, Habitat fragmentation, N-mixture, Landscape matrix, Avian point
counts
1

This chapter is prepared for Condor

INTRODUCTION
Land transformation is an important and major component of human-induced
global change (Vitousek et al. 1997). A consequence of land use change is habitat
fragmentation and habitat loss, considered to be a primary force in the decline of species
worldwide (Heywood and Watson 1995). With increase in anthropogenic activities such
as agriculture in a region, native habitats experience a reduction in area and ultimately
exist as remnants in a highly altered matrix. This landscape phenomenon has been found
to negatively impact species persistence (Wilcox and Murphy 1985, Noss 1991, Adler
and Nuernberger 1994) by increasing mortality of individuals moving between patches,
lowering recolonization rates of empty patches, and reducing local population sizes
resulting in increased susceptibility to extinction (Fahrig and Merriam 1994).
North American temperate grasslands are among the most threatened and
degraded biomes in the world (Hoekstra et al. 2004). Over 60-80% of native mixed grass
prairie and 20-85% of shortgrass prairie have been lost to cultivation of rowcrops and
planting of non-native grasses for livestock production (Samson and Knopf 1994). Many
avian species, particularly grassland birds in North America, have experienced sharp
declines in last few decades (Samson and Knopf 1994, Davis et al. 1999, Peterjohn 2003,
Askins et al. 2007). From 1968 to 2008, 37% of grassland obligate species experienced
population decline (Sauer and Link 2011). Primary causes of this decline have been
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linked to habitat loss, fragmentation, and degradation (Noss 1991, Pimm et al. 1995,
Pimm and Raven 2000).
The ring‐necked pheasant (Phasianus colchicus, hereafter pheasant) is a common
grassland bird species in South Dakota that was originally introduced from Asia in the
early 1900s (Flake et al. 2012). Though pheasants are non-native to South Dakota, they
have become naturalized to the mosaic of grassland and agricultural land in most of
South Dakota (Flake et al. 2012). Pheasants thrive in a heterogeneous landscapes
composed of different habitat types that could meet their seasonal biological needs (Clark
et al. 1999). Pheasants use idle herbaceous vegetation as nesting and brood-rearing cover,
emergent wetlands for overwinter shelter, and agricultural waste grain as forage
(Bogenschutz et al. 1995, Clark et al. 1999, Gabbert et al. 1999, Taylor et al. 2018). The
indices of abundance suggest that pheasant populations have declined to historically low
levels throughout the state (Runia 2019). This decline in pheasant relative abundance was
strongly associated with recent changes to the landscape, largely attributed to intensive
agricultural practices which predominately includes reduction in uncultivated semi
natural habitats surrounding crop fields and removal of hedgerows (Chamberlain et
al. 2000, Benton et al. 2003). The agro-economic expansion has effectively reduced ideal
interspersion of natural habitat and cropland into homogeneous agricultural landscapes
(Wright and Wimberly 2013, Wimberly et al. 2017) leading to substantial losses of
ecological heterogeneity at multiple spatiotemporal scales and widespread declines in
wildlife populations (Benton et al. 2003).
Since the introduction of pheasants, their establishment has been determined in
large part by availability of idle grassland. The loss of grassland continues to occur at an
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alarming rate (Wright and Wimberly 2013, Baumann et al. 2016). Between 2006 and
2012, South Dakota lost approximately 76% of total extant grassland areas. Almost 58%
of this loss occurred in key pheasant regions (Reitsma et al. 2014) and has resulted in the
reduction of available nesting and brood-rearing habitat for pheasants and other upland
nesting birds.
With increasing loss of native grassland to agricultural use, federal and state
governments have initiated conservation programs to influence grassland birds’
abundance. The Conservation Reserve Program (CRP) is one such program and has made
large impacts by establishing grassland on areas previously used for crop production.
This program has positively impacted the amount of grassland in agro-ecosystem (Riley
2004, Stubbs 2014) and has been widely considered for its benefit to wildlife species
(Best et al. 1997, Higgins et al. 2002). Since a peak enrollment of ~149,000 km2 of land
into CRP in 2007, increase in commodity prices for corn (Them ayes), soybean (Glycine
max), and wheat (Triticum aestivum) and decrease in the CRP enrollment cap have
resulted in a nationwide decline in the area enrolled in CRP by over 25% (Stubbs 2014,
Morefield et al. 2016, Wimberly et al. 2017). From 2004 to 2014, the combined corn and
soybean area increased by ~25% in South Dakota, and at the same time the area under
CRP decreased by ~29% (Wimberly et al. 2017).
With declines in CRP area and conversion of grassland to agricultural production,
it becomes essential to assess response of species to different land-cover variables and
habitat conditions. Ecological research depends on the knowledge of species abundance
and how abundance is changing over space and time (Krebs 2001). Here, we evaluated
the relationship between land-cover characteristics and pheasant relative abundance
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measured at different spatial scales. In cases where pheasants may serve as a bioindicator
species for broad environmental changes within agricultural ecosystems (Nielson
et al. 2008), identifying factors that affect pheasant populations will likely provide insight
regarding population dynamics of multiple avian species that are faced with similar
changing environments. Specifically, our objectives were (1) to use N-mixture modeling
to estimate site-level abundance and the overall trend in abundance; (2) to evaluate the
effect of different landscape characteristics on pheasant abundance. These objectives are
fundamental to understanding the status and trends of pheasants in South Dakota and will
help guide effective management strategies.
METHODS
Study Area
South Dakota is ~200,000 km2 divided into approximately two equal halves by
the Missouri River. Tallgrass prairie occupies portions of eastern South Dakota, giving
way to the northern mixed grass prairie in the western part (Johnson and Larsen 1999,
Higgins et al. 2000). The western portion is located within the northwestern Great Plains
ecoregion where agriculture is limited by low precipitation, extreme temperatures, and
hilly ridges (Bryce et al. 1998). The eastern part is located within the Eastern Prairie
ecoregion where mixed grass prairie is severely fragmented by agriculture intensification
(Bryce et al. 1998).

Average January temperatures range from less than -11°C in the northeast to more
than -4°C in the southwest, while average July temperatures range from less than 18°C in
Black Hills National Forest to more than 24°C in the south-central part of the state.
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Average annual total precipitation ranges from ~381 mm in the northwest to ~711 mm in
the southeast. Most of the state’s precipitation falls during April to September when
thunderstorm activity is highest (Frankson et al. 2017).

Agriculture is a key component of the regional economy, accounting for nearly
$25.6 billion (~30%) of South Dakota’s total economy (Decision Innovation Solutions
2014).

Pheasant Data
We used South Dakota Game Fish and Parks’ (SDGFP) annual pheasant brood
survey data from 2011 to 2019. These surveys included counts of males, females, and
broods observed along 110, 48-km survey routes distributed across the South Dakota
pheasant range (Figure 2-1). These routes were surveyed from 25 July through 15 August
each year using standardized methods on mornings when weather conditions are optimal
for observing pheasants. During surveys one observer counted the number of pheasants
and broods observed within 0.2 km of the roadway while driving at a speed < 48 km/hour
(Laingen 2011). Optimal weather conditions included light wind, clear skies, and heavy
dew. For our analysis, we used sum of number of females and number of males obtained
from these surveys as the response variable.
Environmental Variables
We used the USDA Cropland Data Layer (CDL) (US Department of Agriculture,
National Agricultural Statistics Service 2019), a digital land-cover map produced
annually from satellite imagery that shows the type and location of land-cover types
including grasslands, wetlands, and crops. The CDL depicts land cover at 30-m
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resolution and classifies land cover into 133 land-cover classes based on the dominate
vegetation and cultivated agriculture products grown. We reclassified the original landcover classes depicted in the CDL into six cover classes: grassland, rowcrop, small
grains, wetlands, forest, and other. Grass-dominated land cover ranged from native
prairie to anthropogenically altered grasslands such as hay lands and pastures. Lands
enrolled in CRP grassland were identified using US Department of Agriculture
shapefiles. Using ArcGIS, we then created two separate classes: grassland without CRP
grassland classified as grassland and CRP grassland classified as CRP. Agricultural crops
including corn, soybeans, and sorghum (Sorghum bicolor) were categorized as rowcrops.
Crops including wheat, barley (Hordeum vulgare), and oats (Avena sativa) were
classified as small grains. Woody and herbaceous wetlands were classified as wetlands.
Deciduous, evergreen, and mixed forest were classified as forest. Remaining land-cover
types were classified as other (Wright et al. 2017).
The spatial pattern analysis program FRAGSTATS v4.2 (McGarigal et al. 2012)
was used to compute landscape metrics associated with our reclassified land-cover data
for each route for the 9-year period from 2011 to 2019. All landscape metrics from
FRAGSTATS were computed at two spatial neighborhoods (500 m, and 1000 m). This
process involved creation of 500-m, and 1000-m buffers around each pheasant brood
survey route. The neighborhood scale was decided based on pheasant’s home range
during breeding season. 500 m and 1000 m are roughly 1 and 2 times radius of their
home range size (Clark et al. 1999, White 2012). Reclassified land cover was then
extracted for each of the buffered routes and used to calculate landscape metrics.
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We selected a suite of landscape metrics (Table 2-1) that were potentially
important for predicting pheasant abundance (Snyder 1984, Warner and Joselyn 1986,
Hallett et al. 1988, Riley 1995, Schmitz and Clark 1999, Fischer and Lindenmayer 2002,
Ashoori et al. 2018).
Due to availability of South Dakota CRP data from 2014 onwards, we repeated
the same process of estimating landscape metrics for another data set from 2014 to 2019.
This dataset also included characteristics of CRP within buffered routes.
Modeling and Model Selection
We estimated abundance using generalized hierarchical N-mixture abundance
model (Dail and Madsen 2011). Open population N-mixture models fit the model of ail
and Madsen (2011), which is a generalized form of the Royle (2004) N-mixture model.
N-mixture models were all fitted using “pcountOpen” function in the “unmarked”
package (Fiske and Chandler 2011) in R software v3.6.1 (R core Team 2019). For all Nmixture models, we followed a four-step process. First, we determined the appropriate
distribution of the response variable (count data) by comparing null models with zeroinflated Poisson, Poisson, and negative binomial distributions with AIC (Burnham and
Anderson 2002). Second, we identified significant predictors of detection by assessing
the global detection model with date of survey, date2 of survey, and year.
Prior to modeling abundance, we tested predictors for correlations and excluded at
least one predictor from each pair of predictors with a Pearson’s Product Moment
Correlation |r| < 0.7 (Farrell et al. 2019). For model development, we followed a
hierarchical modeling process under which we first ran univariate models to evaluate the
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importance of landscape attributes for estimating abundance. We evaluated univariate
models using Akaike’s Information Criterion corrected for small sample size bias
(∆AICc; Burnham and Anderson 2002). We then ran all possible combination of
variables retained from this step in final model sets. At each step of model selection
process, we selected the most-supported model using a ∆AICc threshold of ∆AICc ≤ 4,
while accounting for potential uninformative parameters (Leroux 2019). This process was
repeated separately for each scale of analysis. CRP data are only available since 2014,
but the presence of CRP has been suggested as a major factor affecting pheasant
abundance in South Dakota (White 2012). In order to evaluate the influence of CRP on
pheasant local abundance, we duplicated our modeling process focusing only on the sixyear period from 2014 to 2019 for which we had CRP data available.
In our model selection process we used ∆AICc, log likelihood and 85%
confidence interval (CI) to identify uninformative predictors (sensu Leroux 2019);
models containing uninformative predictors were excluded from subsequent model sets.
All models within 4 ∆AICc units from the top model were averaged to generate full
model averaged coefficient estimates and standard errors (Burnham and Anderson 2002).
A parameter in the most-supported model(s) was considered important if the parameter’s
85% confidence interval excluded zero. We used 85% threshold to reduce the risk of
excluding legitimate parameters in this hierarchically structured information-theoretic
approach of model selection (Arnold 2010).
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RESULTS
Based on ∆AICc, we found that negative binomial assumption best explained the
distribution of count data (Table 2-2).
Average detection probability was 0.46 and was best explained by year (β=0.26;
SE=0.04; CI=0.21, 0.32) and date (β=0.02; SE=0.01; CI=0.02, 0.04) when survey was
conducted (Table 2-3).
Index of abundance estimate over 9-year period (without CRP data)
The estimated index of abundance trend for pheasants was negative over 9-year
period (Figure 2-2a) with 6306.75 pheasants as estimated abundance across sites. At 500m scale, abundance was positively impacted by area under grassland (β=0.47; SE=0.08;
CI=0.31, 0.62; Figure 2-3a). At 1000-m scale, abundance was positively impacted by
area under grassland (β=0.34; SE=0.08; CI=0.23, 0.46; Figure 2-3b), area under small
grain (β=0.33; SE=0.07; CI=0.21, 0.46), number of grassland patches (β=0.12; SE=0.1;
CI=0.02, 0.29) and was negatively impacted by distance to rowcrop patches (β=-0.17;
SE=0.09; CI=-0.29, -0.04). The most-supported models at 500-m and 1000-m spatial
neighborhoods had Akaike weights of 0.91 and 0.98, respectively (Table 2-4).
Index of abundance estimate over 6-year period (with CRP data)
The estimated abundance trend for pheasants was negative over 6-year period
(Figure 2-2b). The estimated abundance across sites was 40234.18 pheasants. At 500-m
scale, abundance was positively impacted by area under CRP (β=0.25; SE=0.07;
CI=0.12, 0.38; Figure 2-4a), area under grassland (β=0.17; SE=0.08; CI=0.02, 0.32;
Figure 2-4b) and negatively impacted by distance to rowcrop patches (β=-0.17; SE=0.08;
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CI=-0.33, -0.01). At 1000-m scale, abundance across sites was positively impacted by
area under CRP (β=0.27; SE=0.06; CI=0.15, 0.39; Figure 2-4c), and area under grassland
(β=0.25; SE=0.07; CI=0.12, 0.38; Figure 2-4d). Distance to rowcrop patch (β=0.11;
SE=0.09; CI=-0.29, 0.08), distance to grassland (β=0.16; SE=0.15; CI=-0.14, 0.45), and
arrangement of wetland patches (β=0.01; SE=0.11; CI=-0.20, 0.22) were uninformative
parameters as their confidence interval overlapped 0. The most-supported models at 500m and 1000-m spatial neighborhoods had Akaike weights of 1.00 and 0.97, respectively
(Table 2-4).
DISCUSSION
Abundance data are normally assumed to follow Poisson distribution. But certain
environmental features and biological mechanism can generate distributions that would
be overdispersed with respect to the Poisson distribution. This over dispersion could be
fit well by the negative binomial distribution. Counts of many biological populations
often are fitted well by the negative binomial distribution (Anscombe 1949, Bliss and
Fisher 1953, Bowden et al. 1969, Mitchell 1977). Our data was most supported by
negative binomial distribution which could be attributed to landscape heterogeneity,
within-site habitat heterogeneity which can further result in aggregation of pheasants in
suitable cover type such as grassland compared to rowcrops.
Our results showed that probability of detection increased moderately with date
over the survey period. The surveys were done during late breeding season of pheasants.
The increase in detection could be attributed to increase in number of female sightings
with broods near roads or increase in number of pheasants who are no longer nesting.

54

Probability of detection also increased with year, which could be either due to increased
observer experience or familiarity with the system.
Pheasant population exhibited a negative trend over the study period (Figure 2-2).
There could be many reasons behind pheasant declines. In South Dakota, pheasant
populations are guided by two factors, habitat and weather (South Dakota Game Fish and
Parks 2016). Between 2011 and 2019, the state experienced a few drought summers and
wet springs (South Dakota Drought Task Force 2015) which could negatively impact
their population. In addition to the effects of weather conditions, the quantity, quality,
and interspersion of habitat types are major factors in the seasonal and annual survival
and reproductive capability of pheasants. South Dakota has a dynamic landscape with
agriculture intensification changing its natural landscape composition and configuration
over the years. In eastern South Dakota, landscape trends since 2008 included broad-scale
conversion of grasslands to agriculture (Johnston 2013, Wright and Wimberly 2013,
Wimberly et al. 2017). Economic incentives for agriculture outcompeted conservation
incentives resulting in forecasted annual losses of grasslands (-5.20%) and wetlands (0.03%) (Johnston 2013, Wright and Wimberly 2013). This landscape conversion process
has caused fragmentation and loss of habitat (grassland, wetland), and isolation of habitat
patches leading to declines in pheasant populations.
Pheasants are primarily a grassland species and require large tracts of grassland to
successfully fledge offspring, and to improve adult survival (Clark et. al 1999, Riley and
Schulz 2001). The proportions of grassland and CRP were important redictors for
pheasant abundance at both spatial scales during study period (Figure 2-3, Figure 2-4).
Our result demonstrating a positive effect of CRP on pheasant observations was
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consistent with widely held a priori expectations of managers, biologists, and previous
literature (Riley 1995, Clark et al. 1999, Haroldson et al. 2006, Nielson et al. 2008).
Erickson and Wiebe (1973) estimated an increase of 3-10 million pheasants after nearly
7200 km2 of cropland was converted to grass and legume habitats. In Iowa, pheasant
relative abundance increased by 30% during the first 5 years of the CRP compared to a
similar period before the program began (Riley 1995). Across a 9-state region, Nielson et
al. (2008) estimated a 22% increase in pheasant counts for every 3.19 km2 of CRPherbaceous cover. Our findings also showed benefits of availability of area under small
grain at broader scale. Small grains are widely known to contribute towards breeding
success of pheasants (Jorgensen et al. 2014, Pauly et al. 2018).
The positive relationship between habitat area and number of individuals it can
support, is one of the most important patterns in ecology and has been frequently used to
describe the effects of area loss on species density or their frequency of
occurrence (Winter and Faaborg 1999, Winter et al. 2006b). Many studies on the impact
of fragmented landscapes have demonstrated strong area effects on species abundances
and concluded that differences in habitat area is a primary factor determining population
persistence (Benassi et al. 2009, Schipper et al. 2011). However, the apparent importance
of amount of grassland and CRP varied depending on the model structure. Although
pheasants are primarily a grassland bird, they need other cover types and surrounding
matrix for fulfilling requirements of different life stages (Shahan et al. 2017, Wimberly et
al. 2018, Warner 2019). Landscape matrix surrounding grasslands and CRP areas can
influence and alter relative abundance of grassland bird (Horn and Koford 2006, Renfrew
and Ribic 2008). We found that contiguity of rowcrop, and number of patches of
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grasslands influenced the relationships between habitat area and pheasant numbers. There
are several reasons why small, habitat patches can make an important contribution
towards pheasant populations. First, in some heavily modified ecosystems like dynamic
agricultural landscape of ours small patches are all that remains; no large patches exist.
Pheasants in these systems must either persist within the remaining small patches or not
at all. Small patches can also act as stepping stones that promote connectivity in
otherwise highly modified environments (Manning et al. 2006). Pheasants’ preference for
small grassland patches can also be attributed to pheasants being a habitat-generalist
species and therefore, they are more likely to occur in small patches with high edge: area
ratio than large patches (Blake and Karr 1984, Willis 1984). We found strong negative
effects of connectivity of cultivated land at both spatial scales. The negative effect of
cultivated land, like rowcrops, could be attributed to increase in use, movement, and
abundance of generalist predators in fragmented landscapes (Beasley et al. 2011, Beasley
et al. 2013).
There is no doubt that large, intact patches are important for the maintenance of
some ecological processes and wildlife conservation. But our findings also demonstrate
the conservation value of small patches for maintaining and facilitating pheasant
population, particularly in a dynamic landscape. To efficiently manage pheasant
population, we suggest connecting habitat patches of different land-cover types together
in a landscape matrix rather than having one large uniform habitat. For example, a
landscape with highly clustered patches of grassland, CRP, and small grains could be
more helpful towards pheasant abundance instead of having one large grassland patch.
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Management Implications
Our results demonstrate that pheasants are sensitive to both composition and
configuration of the landscape. Therefore, conservation plans or policies that address
only the issue of area are likely to have only limited success. Efforts must be made to
ensure that structurally diverse habitat is also available. Restoration of heterogeneity in
grasslands must be a critical component of pheasant conservation efforts. In fragmented
landscapes, conservation efforts are typically focused on preservation of large, intact, and
connected habitat patches (Fischer et. al.2009, Herrera et al. 2017). Small habitat patches
can also play an equally important role by being a valuable complement to large patches
(Fischer and Lindenmayer 2002) and in maintaining connectivity in landscapes (Baum et
al. 2004, Tulloch et al. 2015). It is crucial to examine the value of small habitat patches
so they are not removed simply because they are small, and hence assumed to be of little
value. Small patches can contribute to connecting large and distant habitat patches and
can help in maintaining functionality of the system (Rösch et al. 2015). We, therefore,
suggest that due to their lower costs and high ecological value, small-scale restoration
programs using small patches should be implemented in the short term to complement
large-scale projects that require longer to complete.
We also recommend that managers maintain connectivity among high quality
grassland cores to facilitate dispersal among patches and maintain a functioning metapopulation dynamics (Reed and Levine 2005, Scheiman et al. 2007).
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Table 2-1. Fragmentation indices used for modeling pheasant abundance across 110 broodcount survey routes in South Dakota, USA from 2011-2019.
Type
Variables
Class
Percentage of landscape (%Land Cover)
Number of patches of land cover (NP_Land Cover)
Landscape shape index of land cover (LSI_Land Cover)
Total edge in land cover (TE_Land Cover)
Proximity index of land cover (Prox_Land Cover)
Interspersion and juxtaposition of land cover (IJI_Land Cover)
Landscape Largest patch index (LPI)
Landscape shape index (LSI)
Interspersion and juxtaposition index (IJI)
Number of patches in landscape (NP)
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Table 2-2. Models, number of parameters (K), Akaike’s information criterion (AICc),
difference in AICc values from the most-supported model (∆AICc), log likelihood
(LogLik), and Akaike weights (Weight) for determining the appropriate distribution of
pheasant count across 110 brood-count survey routes in South Dakota, USA from 20112019.
Distribution
Negative Binomial
Zero-Inflated Poisson
Poisson

K

AICc
5
5
4

10875.01
14318.69
15613.76

∆AICc
0.00
3443.68
3738.75

LogLik
-5432.22
-7154.06
-7302.69

Weight
1
0
0
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Table 2-3. Model structure, number of parameters (K), Akaike’s information criterion
(AICc), difference in AICc values from the most-supported model (∆AICc), log likelihood
(LogLik), and Akaike weights (Weight) of models explaining probability of pheasant
detection across 110 brood-count survey routes in South Dakota, USA during study period
(2011-2019).
Weight
Detection
K
AICc
∆AICc
LogLik
0.33
Date+Year
6
9546.42
0.00
-4765.80
0.28
Year
5
9546.74
0.32
-4768.08
0.21
Date^2+Year
6
9547.38
0.96
-4767.28
Date^2+year+Date

7

9547.69

1.27

-4766.30

0.18
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Table 2-4. Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc values from the mostsupported model (∆AICc), log likelihood (LogLik), and Akaike weights (Weight) of models explaining abundance of pheasants across
pheasant brood-count survey routes in South Dakota, USA at different spatial neighborhood with and without CRP data from 20142019 and 2011-2019, respectively.
CRP/No
CRP
No CRP

CRP

Scale
500 m

Predictors
K
%Grass
7
%SmallGrain
7
Prox_Rowcrop
7
NP_Grass
7
1000 m
%Grass
7
Univariate
NP_Grass
7
%SmallGrain
7
Prox_Rowcrop
7
1000 m
%Grass
+
%SmallGrain
+
Multivariate Prox_Rowcrop
9
%Grass + %SmallGrain
8
%Grass + %SmallGrain + NP_Grass
9
%Grass
+
%SmallGrain
+
Prox_Rowcrop + NP_Grass
10
500 m
%CRP
7
Univariate
Prox_Rowcrop
7
%Grass
7
500 m
%CRP + %Grass + Prox_Rowcrop
9
Multivariate %CRP + %Grass
8
%CRP + Prox_Rowcrop
8

AICc
9268.65
9274.81
9275.69
9278.28
9516.72
9518.56
9520.50
9520.65

∆AICc
0.00
6.16
7.03
9.63
0.00
1.84
3.78
3.94

LogLik
-4626.78
-4629.86
-4630.29
-4631.59
-4750.81
-4751.73
-4752.70
-4752.78

Weight
0.91
0.04
0.03
0.01
0.58
0.23
0.09
0.08

9527.03
9528.16
9528.16

0.00
1.13
1.13

-4754.80
-4756.53
-4754.37

0.38
0.21
0.21

9528.31
5282.99
5283.80
5286.92
5274.72
5276.00
5276.73

1.29
0.00
0.80
3.93
0.00
1.28
2.01

-4760.47
-2633.95
-2634.35
-2635.91
-2628.65
-2630.45
-2635.97

0.20
0.48
0.32
0.07
0.53
0.28
0.19
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1000 m
Univariate

%CRP
IJI_Wetland
Prox_Rowcrop
%Grass
Prox_Grass
1000 m
%CRP + %Grass
Multivariate %CRP + %Grass + Prox_Rowcrop
%CRP + %Grass + Prox_Grass
%CRP + %Grass + IJI_Wetland
%Grass + Prox_Grass
%Grass + Prox_Grass + Prox_Rowcrop

7
7
7
7
7
8
9
9
9
8
9

5283.00
5285.90
5286.10
5286.55
5286.90
5273.33
5275.23
5275.63
5275.64
5275.91
5277.13

0.00
2.90
3.10
3.55
3.90
0.00
1.90
2.31
2.32
2.58
3.81

-2633.95
-2635.40
-2635.50
-2635.72
-2635.90
-2629.11
-2628.90
-2629.10
-2629.11
-2630.40
-2629.85

0.51
0.12
0.11
0.09
0.07
0.31
0.12
0.10
0.10
0.09
0.05

Note: CRP = grassland enrolled in conservation reserve program, % = percentage of land-cover type, NP prefix indicates number of patches, Prox
prefix indicates proximity to nearest identified land-cover type, IJI prefix indicates interspersion and juxtaposition of land-cover type.
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Figure 2-1. Location of 110, 48-km pheasant brood-count survey routes distributed across
South Dakota, USA.
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a)

b)

Figure 2-2. Estimated abundance of pheasants (solid line) with 95% confidence interval
(dashed lines) for a) 9-year (2011-2019) and b) 6-year (2014-2019) period across 110
pheasant brood-count survey routes in South Dakota, USA.
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a)

b)

Figure 2-3. Predicted abundance of pheasants (solid line) with 95% confidence interval
(dashed lines) in relation to area under grass at a) 500-m and b) 1000-m spatial scales across
110 pheasant brood-count route surveys in South Dakota, USA over 9-year period (20112019).
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a)

c)

b)

d)

Figure 2-4. Predicted abundance of pheasants (solid lines) with 95% confidence interval
(dashed lines) in relation to a) area under CRP, b) area under grassland at 500-m scale, c)
area under CRP, and d) area under grassland at 1000-m spatial scale across 110 pheasant
brood-count survey routes in South Dakota, USA over 6-year period (2014-2019). CRP =
grassland enrolled in conservation reserve program.
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CHAPTER 3: RING-NECKED PHEASANTS SPACE USE IN AGRICULTURAL
LANDSCAPE OF SOUTH DAKOTA IMPLIES IMPORTANCE OF HABITAT
HETEROGENEITY1
ABSTRACT
Understanding habitat selection is critical in habitat prioritization for species of
conservation and management concern. Effective management of wildlife populations
relies on understanding key relationships among species distribution, ecological
resources, and critical habitats. In dynamic landscapes, understanding species-specific
resource selection may help in predicting the consequences of landscape change.
Resources that influence habitat use are likely to differ across spatial scales. We
investigated effects of different land-cover types on home range placement (2nd-order
selection) and within home range space use (3rd-order selection) of radio-marked
pheasants. Pheasants, even though non-native to South Dakota, are socially and
economically important species. Conserving and managing habitat for pheasants can
further protect habitat for native grassland species. For this study, we used locations from
captured pheasants over three years (2017-2019) to understand their use of different
habitat types during breeding, and non-breeding season. Our results indicated importance
of grassland, Conservation Reserve Program grasslands, wetland, and road-side cover for
pheasants in both seasons. Their use of cultivated area and woody cover varied between
seasons. Our results indicated that landscapes composed of different land-cover types will
promote pheasant population persistence. Our findings demonstrated that instead of
focusing on one major habitat type (e.g., area of grassland), habitat heterogeneity should
be considered as a potential factor influencing distribution of pheasant population.
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Keywords: grassland, habitat heterogeneity, resource selection, seasonal variation,
management
1

This chapter is prepared for Ecosphere

INTRODUCTION
Landscapes go through temporal and spatial change among and within habitat
patches. Change in landscape composition and configuration is an important and major
component of human-induced global change (Vitousek et al. 1997). A consequence of
land-use change for many species is habitat fragmentation and habitat loss, which is
considered to be a primary force in the decline of species worldwide (Heywood and
Watson 1995). Determining species-specific resource selection at multiple scales will
help in predicting the consequences of landscape change on species’ persistence
(Millspaugh et al. 2006). Understanding how animals use their surroundings to meet their
requirements and how they establish and use their home ranges is important for
conservation and management (Boyce and McDonald 1999, Nielsen et al. 2006, Aldridge
and Boyce 2007, Aarts et al. 2008).
Animals need access to different resources to fulfill their life requirements, which
they usually achieve by selecting habitats with more available resources (Aldridge and
Boyce 2007, Aarts et al. 2008). This habitat selection process is dynamic and varies
based on environment conditions and biological requirements (Nielsen et al. 2006). An
ecosystem is structured across spatial and temporal scales, and organisms perceive and
respond to this structure and exhibit habitat selection at different scales (Johnson 1980).
Johnson (1980) proposed a four-level hierarchical framework that describes habitat
selection across different spatial scales: 1st order is selection of geographical range of a
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species; 2nd order is placement of home range; 3rd order is selection of various habitat
patches within home range; and 4th order is selection of specific resources within these
habitat patches.
Estimating resource selection patterns for a species can reveal what habitat
features are selected for (or against, i.e., avoided) on the landscape. Resource selection
functions provide insight into the spatial configuration of used land cover by identifying
patterns of habitat use (Chetkiewicz and Boyce 2006). One important factor to consider
while modeling resource selection is the order of selection process at which information
should be gathered and studied. We should also consider seasonal variation in habitat use
when developing resource selection models. Combining data across seasons can mask
intra-annual variation in habitat selection and may either lead to misleading inferences or
low predictive capabilities (Schooley 1994, Aarts et al. 2008).
Home range size, movement patterns and habitat use are driven, in part, by the
abundance, availability, and distribution of resources. Understanding species-specific
movement patterns, home range, and resource selection is particularly important when a
population is declining and habitat is being fragmented or lost. Habitat loss is the primary
driver of species imperilment and extinction (Wilcove et al. 1998, Venter et al. 2006),
and habitat prioritization is frequently incorporated into species recovery planning and
legislation.
Grasslands are an important habitat to many species and loss of grasslands has
threatened many wildlife species’ population. In North America, grassland songbirds, in
particular, are experiencing the steepest population decline of any bird group (Rosenberg
et al. 2019). The ring-necked pheasant (Phasianus colchicus; hereafter pheasant) is one
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grassland bird which is negatively impacted by grassland loss. Pheasants were first
introduced to South Dakota in 1909 (Laingen 2011) and subsequently expanded in
distribution with agricultural development, leading researchers to consider pheasants to
be edge-phyllic or at least highly tolerant of edge conditions and cultivation (Baxter and
Wolfe 1973, Jorgensen et al. 2014). However, for the past 30 years, with agricultural
intensification, pheasant populations have declined across South Dakota (Midwest
Pheasant Study Group 2013).
A detailed understanding of habitat selection for pheasants is required to address
the impact of agricultural intensification and land-use change on this species. Also,
consideration of multi-scale variables is necessary for deciding how habitat data should
be applied in resource management. The purpose of our study was to better understand
the influence of agricultural land uses and natural cover on the distribution of pheasants.
Here, we investigate geographic variation in the spatial ecology of pheasants in South
Dakota. Our overall goal was to develop resource selection models for pheasants for two
seasons (winter/spring [non-breeding] and summer [breeding]) at two scales of selection:
2nd order and 3rd order. Our specific objective was to quantify effects of different landcover types on pheasant home range placement and resource selection during different
seasons.
METHODS
Study area
The study region covered ~1,119 km2 area of southwestern Beadle County in
eastern South Dakota, United States. Beadle County experiences hot periods during the
summer and arctic air surges during the winter resulting in average annual temperatures
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of 7° C and cumulative snowfall averages of 157 cm, and cumulative precipitation
averages of 182 mm (2017-2019; National Oceanic and Atmospheric Administration
2019). Dominant grass species included smooth brome (Bromus inermis), western
wheatgrass (Pascopyrum smithii), Kentucky blue (Poa pratensis), and big bluestems
(Andropogon gerardii). Corn (Them ayes), sorghum (Sorghum bicolor), and winter wheat
(Triticum aestivum) were the major crop types (Westin and Malo 1976). Common
predators of pheasants and pheasant nests included coyote (Canis latrans), raccoon
(Procyon lotor), badger (Mustelidae Mephitidae), striped skunk (Mephitis mephitis), redtailed hawk (Buteo jamaicensis), and northern harrier (Circus cyaneus). The study area
landscape was 48% rowcrop agriculture, 4% small grain agriculture, 40% grassland, 4%
wetland, 4% developed, and <1% woody features (Fig. 3-1; US Department of
Agriculture, National Agricultural Statistics Service 2019).
Field methods
We captured female pheasants during winter (January-March) with walk-in traps
and occasional night spotlights from 2017-2019. We weighed all birds at the time of
capture to ensure that radio-transmitters were less than 3% of body weight (Kenward
2001). All animal handling procedures were approved by the Institutional Animal Care
and Use Committee at South Dakota State University (IACUC approval # 16-086A). We
recorded body mass (g) and fitted captured females with 15-g necklace-style very high
frequency radio transmitters with 8-hour mortality switches and an expected battery life
of 400 days (model A3960, Advanced Telemetry Systems, Isanti, MN, USA) as well as a
uniquely numbered aluminum butt-end leg band (National Band & Tag Company). We
located radio-marked pheasants 3-5 days/week by triangulation with vehicle‐mounted
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null-peak systems (Cox et al. 2002). We obtained locations for each individual on a
rotational schedule during 1 of 3 activity periods (dawn-1100 hrs, 1101-1500 hrs, 1501dusk) to correspond with daily foraging and loafing behavior (Weston 1954).
Home range and movement
We analyzed space use during two seasons: non-breeding (January-April) and
breeding (May-August). We estimated 95% and 50% volume contour home ranges using
the fixed-kernel method implemented via Home Range Tools 2.0 (Rodgers et al. 2015)
for ArcGIS with pheasant tracking data to calculate probability density maps. Utilization
distributions (UDs) were calculated for each individual by creating a bivariate normal
fixed kernel estimate of the probability density around each location. We restricted our
analysis to pheasants with at least 20 locations (Applegate et al. 2002).
To avoid over-smoothing, which would result in a positive bias in the probability
density estimates, we used a rule-based smoothing parameter (had hoc), by choosing the
smallest increment of the reference bandwidth that resulted in a contiguous 95% kernel
home range (Worton 1989, Kie 2013). To accomplish this, the reference bandwidth was
decreased by increments of 10%, until the most efficient smoothing parameter could be
determined (Klaver et al. 2008, Grovenburg et al. 2012, Kie 2013).
Movement was determined as distance the centers of the winter and summer
home ranges. We defined the center of home range as geographic center of the 1%
isopleth polygon of kernel UDs (Plumb et al. 2019). We also calculated total average
daily rate of movement by using the total distance moved during a given time interval
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(calculated by summing the distances between each successive pair of locations during
the interval) divided by the total number of days in that interval.
Resource selection
Johnson (1980) defined four scales of habitat selection. We used a resource
selection framework (i.e., used [1] vs. available [0] study design) to assess pheasant
habitat selection at the 2nd-order (home range placement) and 3rd-order (resource
selection within home range) scales (Boyce et al. 2002, Manly et al. 2002). We used
telemetry locations and an equal number of available (random) locations to develop
resource selection function at both 2nd and 3rd order selection (Boyce and McDonald
1999, Manly et al. 2002, Nielsen et al. 2002). For 2nd-order selection, we considered the
area within 1-km buffer of home range centroids as the maximum perceived area
available in which a pheasant could place their home range. We selected 1 km as the area
available for home range placement because the average distance from center of winter
home range to center of home range in breeding season was 0.995 km (SD = 20.89). For
3rd-order selection, 95% home range was used for generating random locations.
Relative abundance of predators
We used camera traps and roadside surveys to assess the relative abundance index
(RAI) of mammalian and avian predators, respectively during breeding season. Surveys
were conducted during the pheasant breeding season (May-August) each year. To survey
for mammalian predators, we set motion-activated Bushnell HD Trail Cameras (Bushnell
Inc. Des Plaines, II) across our study area. We used ArcGIS to randomly generate 30
points in nesting habitat within study area. Cameras were placed at nearest nesting habitat
edge. Nesting habitat included grassland, grass including alfalfa, and winter wheat. Each
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camera was set to capture three photographs per five seconds with each trigger. To
increase the probability of detection, we placed a fatty acid predator lure (Pocatello
Supply Depot, Pocatello, Idaho) ~5 meters in front of each camera. Cameras were
checked weekly to refresh the scent lure and replace the SD card (8 GB), batteries, or
both (as needed). We required sequential photographs of the same species to be separated
by ≥30 minutes to be considered independent detections (Iannarilli et al. 2021, Jenks et
al. 2011). Our camera traps identified four major species (see Results). For each species,
we calculated RAI as:
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑔𝑟𝑎𝑝ℎ𝑠 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑅𝐴𝐼 = (
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑡ℎ𝑒 𝑐𝑎𝑚𝑒𝑟𝑎 𝑤𝑎𝑠 𝑎𝑐𝑡𝑖𝑣𝑒
for each camera site (Jenks et al. 2011). To survey raptors, we established six, 21km long survey routes. These routes along roads were selected randomly followed by
ground truthing to check accessibility through a vehicle. Raptor surveys were conducted
once per week within the two hours after sunrise. Surveys were conducted while driving
at speed of 50 km/hr. Surveys were conducted on sunny days with < 60% cloud cover
and wind speeds of < 20 km/h. No surveys were performed during rainy or foggy periods
(Carrete et al. 2009, Zilio et al. 2013). We calculated RAI as:
𝑅𝐴𝐼 = (

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑎𝑝𝑡𝑜𝑟𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑠𝑢𝑟𝑣𝑒𝑦𝑒𝑑

for each transect (Jenks et al. 2011). We further used an inverse distance weighted
(IDW) method in ArcGIS (Esri, Redlands, California, US) to interpolate RAI of
mammalian and avian predators across the study area. Separate RAI raster maps were
created for each mammalian and avian predator species using IDW. We then used Raster
Calculator to combine these maps into one map each for mammalian and avian predator.
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Land cover classes
We used the USDA Cropland Data Layer (CDL) (US Department of Agriculture,
National Agricultural Statistics Service 2019) to extract landscape variables found to be
relevant to pheasant habitat selection. Based on dominate vegetation and crops grown, the
original CDL contains 133 land-cover classes. We used Spatial Analyst in ArcGIS to
reclassify original CDL into six cover classes: grassland, rowcrop, small grains, wetlands,
forest, and other (Table 3-1). Lands enrolled in conservation reserve program (CRP)
grassland were identified using US Department of Agriculture shapefiles. Using ArcGIS,
we then created two separate classes: grassland without CRP grassland classified as
grassland and CRP grassland classified as CRP.
Although we assumed that each variable included in this analysis was influential
to pheasant resource selection, we were uncertain of which form of the variable was most
informative (i.e., distance to feature or density/percent of feature). Therefore, we created
both distance metrics to each variable and measure of mean values at multiple scales
(Carpenter et al. 2010, Fedy et al. 2014). All layers were initially generated at a 30-m
grain size.
We generated values of interests at four spatial neighborhoods (300 m, 500 m,
1000 m, and 5000 m) based on previous studies (White 2012, Jorgensen et al. 2014). This
was done for each used telemetry locations and an equal number of random locations
(Boyce and McDonald 1999, Manly et al. 2002, Nielsen et al. 2002). We used a moving
window analysis to calculate mean values or percentages within each neighborhood using
the Focal Statistics Tool in ArcGIS. Neighborhood was defined as a circular buffer with a
search radius corresponding to each biologically relevant scale. We calculated road
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density within each scale using the Line Density Tool in ArcGIS. Distances to features
were calculated using the Euclidean Distance Tool in ArcGIS. Values (percentage of
cover type, proximity to cover type, RAI of predators (during breeding season)) were
extracted to each point after moving window analysis was complete.
Modeling, model selection and validation
Before modeling resource selection at different orders, all variables were tested
for correlations using a Pearson Product Moment correlation test. Variables were
considered significantly correlated if |r| < 0.7 (Farrell et al. 2019). To model seasonal
resource selection, we used linear mixed-effect models of the binomial family (Gillies et
al. 2006, Koper and Manseau 2009) within the lme4 (Bates et al. 2018) package in
software R (R Core Team 2019).
To determine the form and scale of each variable that best represented pheasants’
resource selection, we ran univariate models for each variable using a model set that
included each of the forms and scales for the variable under consideration. We evaluated
univariate models using Akaike’s Information Criterion corrected for small sample size
bias (AICc; Burnham and Anderson 2002). The selected form/scale combination with the
lowest AICc score was used to represent that variable in the final model set (Gregory et
al. 2011, Aldridge et al. 2012, Fedy et al. 2014). This approach allowed for a multi-scale
model that can contribute to better model performance compared to single-scale models
(Graf et al. 2005). We ran all possible combinations of variables in final model sets.
At each step of the model selection process, we selected the most-supported
model from among candidate models using a ΔAICc threshold of ∆AICc ≤ 2 while
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accounting for potential uninformative parameters (Leroux 2019). We used ∆AICc, log
likelihood and 85% confidence interval to identify uninformative predictors (sensu
Leroux 2019); models containing uninformative predictors were excluded from
subsequent model sets.
We validated our model by using out-of-sample validation technique, which is
suggested as an option for validation of use/available data (Boyce et al. 2002).
Individuals were assigned to the out-of-sample dataset if they did not have the minimum
number of locations required to generate a seasonal UD. We employed a k-fold cross
validation approach (Boyce et al. 2002, Nielsen et al. 2002) and used Spearman's rank
correlation analysis on the area‐adjusted frequencies across resource selection bins
(Koper and Manseau 2009) to evaluate our models.
RESULTS
Home range, movement, RAI of predators
The average distance travelled during non-breeding season was ~333 m (SE =
4.56) and during breeding season was ~268 m (SE = 3.78). The average 95% fixed kernel
home range of pheasants during non-breeding season in the study area was found to be
~43 km2 (SE = 3.93). The average 95% fixed kernel home range of pheasants during
breeding season was ~39 km2 (SE = 3.68).
Over 3 years, we setup camera traps at 53 locations, of which 16, 30, 34 camera
traps were monitored in 2017, 2018, and 2019, respectively. In total, these cameras were
active for 9394 camera trap days. Raccoon had higher RAI followed by coyote (Table 3-
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2). We conducted a total of 1,472 road-side raptor surveys during study period. Redtailed hawk had highest RAI among avian predators (Table 3-2).
Modeled resource selection
For developing resource selection models, we used 8,079 locations (mean =
39.12, SE = 0.349) from 231 pheasants during non-breeding season and 8,044 locations
(mean = 50.3959, SE = 1.163) from 144 pheasants during breeding season. We used 888
locations (mean = 15.2, SE = 0.35) from 65 pheasants and 285 locations (mean = 16.818,
SE = 0.784) from 15 pheasants for validating model in non-breeding and breeding
season. All variables in the final model set had correlation coefficients |r| < 0.7.
Resource selection at 2nd order
The most-parsimonious model for 2nd-order selection during non-breeding season
had an Akaike weight of 0.99 (Table 3-3). During this season, pheasant’s home range
placement was positively associated with percentage of CRP at 300 m (Fig. 3-2a) and
percentage of forest at 300m (Fig. 3-2b) while it was negatively associated with distance
to wetland (Fig. 3-2c), distance to grass (Fig. 3-2d), and distance to road (Table 3-4, Fig.
3-2e). The top model also showed that percentage of rowcrop at 500 m positively
influenced pheasants’ home range placement (Table 3-4). The most-supported model
during breeding season had an Akaike weight of 0.78 (Table 3-3). Home range placement
was positively associated with percentage of CRP at 300 m (Fig. 3-3a) while was
negatively influenced by percentage of rowcrop at 300 m (Fig. 3-3b), distance to grass
(Fig. 3-3c), distance to small grain (Fig. 3-3d), and distance to road (Table 3-4, Fig. 33e).
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Resource selection at 3rd order
The most-supported models of 3rd-order selection during non-breeding and
breeding season had a cumulative Akaike weight of 0.81 and 0.83, respectively (Table 33). During non-breeding season, pheasant habitat selection was positively influenced by
percentage of wetland at 300 m (Fig. 3-4a), road density at 300 m (Fig. 3-4c) while it was
negatively impacted by percentage of rowcrop at 300 m (Fig. 3-4b, Table 3-4). The
candidate model also showed negative influence by percentage of forest at 500 m (Table
3-3). Pheasant’s habitat selection during breeding season was positively impacted by
percentage of grass at 300 m (Table 3-4, Fig. 3-5). The candidate model also
demonstrated influence of proximity to road and percentage of rowcrop at 300 m on
resource selection at 3rd-order scale for breeding season (Table 3-4). The spearman rank
correlation coefficient between bin rank and number of points per bin ranged from 0.7 to
0.9 among selected model sets across different season and order.
DISCUSSION
We aimed to identify variables important to pheasant resource selection on a
dynamic agricultural landscape during different seasons. By accounting for temporal
variability in our model, we detected the seasonal variation in importance of different
land-cover types for pheasant resource selection. We also identified variability in
importance of land-cover types between 2nd-order and 3rd-order resource selection.
Availability of adequate winter cover is an important survival consideration for
pheasants in northern Great Plains (Flake 2012). Severe winter storms may kill 50-90%
of regional pheasant populations (Kimball 1948, Klonglan 1971). Besides directly
influencing population levels through over-winter mortality, winter weather severity may
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also negatively impact physiological fitness of female pheasants prior to nesting season
(Gates 1971). This can further impact their population by resulting in delayed
reproduction and lower reproductive success. Our results showed strong dependence of
pheasants in their home range placement on wetland, roadside cover, grassland, CRP, and
woodland cover during winter season (Fig. 3-2). The selection of winter habitat is
sequential and dependent upon snow depth, with pheasants moving from preferred upland
grass/forb-dominated cover to dense cattail-dominated wetlands to woody habitats as
snow depth increases, dependent upon the relative availability of each cover type (Lyon
1954, Homan et al. 2000). In early winter, with little snow and moderate temperatures,
pheasants may select a variety of habitats, particularly dense herbaceous vegetation. The
ability of these habitats to provide adequate cover, however, will decline with increasing
snow depth as less residual cover remains available (Homan et al. 2000). As snow
accumulates, herbaceous cover may become obscured or unavailable, forcing pheasants
to move to habitats (emergent wetland, woodland cover) that continue to provide
protection from the weather. Wetlands are primary focus for pheasants during winter.
Pheasants use for dense cattail for thermal protection and cover is consistent with other
studies (Trautman 1982, Gatti et al. 1989, Perkins et al. 1997, Gabbert et al. 1999, Kauth
2020). Healthy stands of cattail occur along many of Dakota’s rural roadsides
(Safratowich et al. 2007). These roadsides have steep slopes, which are effective at
capturing drifting snow during winter (Safratowich et al. 2007) and therefore, helps in
providing excellent cover for pheasants from weather. It wasn’t surprising that pheasants
selected for areas closer to these roads with dense cattail vegetation during winter season.
Under very extreme weather conditions, when large emergent wetlands with dense
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cattails gets buried in snow, pheasants disperse to utilize available woody cover (Homan
et al. 2000). During periods of low temperatures and moderate to high winds, woody
cover also modifies the microclimate, making it more suitable for habitat use, and
metabolic demands of birds (Grubb 1977, Mayer et al. 1979). The presence of winter
cover is considered an essential habitat component in South Dakota management,
indicating that wetlands and woody cover are particularly important to pheasant ecology
(South Dakota Department of Game, Fish 2016). In South Dakota where winter weather
can often be severe, researchers have found that having available winter habitat may be
just as important as quality nesting habitat. Location of woody and brushy cover has been
identified as the critical factor influencing the spatial and temporal distribution of winter
pheasant populations (Gates and Hale 1971, Leif 2005).
Our results also showed that pheasant habitat selection varied between home
range placement and resource selection within home range. While selecting resources in
their home range, they avoided rowcrop and forest during winter season (Table 3-4). This
could be attributed to their limited benefits in terms of providing thermal cover (Lyon
1954, Best et al. 2001) and concealment from predators (Jorgensen et al. 2014).
Pheasants are considered grassland species and they need grassland to fulfill
different biological requirements (nesting, brood rearing, survival; Clark et. al 1999,
Riley and Schulz 2001). It is not surprising that grassland habitat had a positive impact on
pheasant resource selection at both orders during breeding and non-breeding season. Our
findings also showed benefits of availability of small grain at higher order during
breeding season. Small grains are widely known to contribute towards breeding success
of pheasants. Previous works has reported that pheasant populations positively responded
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to increasing proportions of small grain crops in the landscape (Jorgensen et al. 2014,
Pauly et al. 2018). In agricultural landscapes where undisturbed grasslands have become
limited, cultivated lands producing small grains like winter wheat increased the
availability of nesting habitat (Jorgensen et al. 2014, Pauly et al. 2018). Pheasant home
range placement during breeding season was also impacted by distance to road, and CRP
cover (Fig. 3-3). The critical importance of CRP grasslands intermixed with rowcrop
agriculture on pheasant population has been well documented (Riley 1995, Haroldson et
al. 2006, Nielson et al. 2008, Jorgensen et al. 2014, Pabian et al. 2015) in terms of
providing high quality nesting and brood-rearing habitat (Matthews et al. 2012,
Geaumont et al. 2017, Taylor et al. 2018).
Generalist predators (e.g., raccoons and coyotes) are found to thrive in fragmented
and agricultural landscapes (Ward et al. 2018). The negative effect of cultivated lands
like rowcrops could be related to increased diversity and abundance of generalist
predators in agricultural landscape (Beasley et al. 2011, Beasley et al. 2013). Predator
foraging efficiency and encounter rate with prey species increases in rowcrops (Anteau et
al. 2011, Iglay et al. 2017). Pheasant avoidance of rowcrops during breeding season could
also be attributed to their openness, which makes these birds more prone to predation and
harsh weather elements (Jorgensen et al. 2014).
Areas with large expanses of permanent nesting cover are often preferred when
available, but any area providing residual, herbaceous cover can be used by nesting
pheasants, including but not limited to road ditches, fence lines, right-of-ways, or
wetlands (Snyder 1984, Camp and Best 1994, Guidice and Ratti 2001, Geaumont 2009).
In addition, nests in rowcrops often are destroyed by mowing, cultivation or other
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farming activities (Rodenhouse and Best 1983, Frawley 1989), whereas roadsides are
relatively undisturbed by farming practices. Roadside vegetation in our study area was
dominated by cool-season grasses especially smooth brome (Bromus inermis) and
Kentucky bluegrass (Poa pratensis) which had high tolerance for harsh summer weather
and often provided the bulk of vegetation cover and breeding opportunities for pheasants
(Fig. 3-3e). Roadsides by themselves cannot meet requirements of grassland birds.
Therefore, we suggest augmenting adjacent blocks of grassland habitats by native warmseason grasses to replace the cool-season grasses that often dominate roadsides and may
make roadsides even more attractive to these grassland birds.
Our findings demonstrated that pheasant populations were responding to unique
ecological conditions at different spatial scales and at different order of resource
selection. We also showed the capability of large-scale conditions to both facilitate and
constrain local habitat benefits. For example, it is not surprising that the availability of
rowcrop at the 3rd order had a negative influence on pheasant habitat selection during
winter season, but the association with this land cover type changed at the 2nd-order
selection. Based on these results, we suggest the interspersion of local grassland patches
within landscapes containing small grains, wetlands and even rowcrop agriculture is a
critical element in maintaining pheasant populations.
Management Implication
Wildlife managers need to establish multiple land-cover type close together to
provide pheasants refuge from unforeseen and unpredictable winter weather. Substantial
buffers of grassy vegetation should be planted around wetlands to allow pheasants to loaf
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and feed near to their winter roosting sites in wetland basins and to prevent snow from
drifting into the wetlands. Patches of woody cover consisting of large deciduous or
coniferous trees with a well-developed understory shrubby area can provide an important
winter refuge for pheasants, particularly if in close proximity to an adequate food source.
Also, given the importance of roadside cover for their nesting and winter survival,
wildlife managers should stop mowing in peak nesting season and allow them to persist
as herbaceous cover for pheasant use. To realize full benefits of CRP cover, value of land
cover should be enhanced by maintaining plant diversity, and by inter-seeding perennial
legumes and other forbs into recently burned grass stands. Maintaining habitat
heterogeneity by managing habitats for pheasants such as landscapes composed of a high
proportion of small grains could enhance benefits of local management practices.
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Table 3-1. Reclassified land-cover classes from Cropland Data Layer assumed to have an
impact on pheasant resource selection across study area in Beadle County, South Dakota,
USA from 2017-2019.
Reclassified
Category

Original land-cover classes

Grassland

Natural and human-modified grassland (hay land, pasture)

Rowcrop

Corn, Soybeans, and Sorghum

Small Grain

Spring Wheat, Winter Wheat, Durum Wheat, Barley, Oat, Rye,
and Millet

Wetland

Woody wetland, and herbaceous wetland

Forest

Deciduous forest, evergreen forest, and mixed forest
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Table 3-2. Average relative abundance index (RAI) with standard error (SE) for mammalian and avian predators of pheasant across
study area in Beadle County, South Dakota, USA from 2017-2019.
Mammal

RAI (SE)

Coyote
4.46 (6.99)

Raccoon
10.44 (4.05)

Badger
1.17 (2.05)

Avian
Striped
Skunk
1.53 (2.29)

Red-tailed
Hawk
11.16 (3.12)

Northern
Hawk
6.78(2.12)

Swainson's
Hawk
4.18(2.09)

113

Table 3-3. Model structure, number of parameters (K), Akaike’s information criterion (AICc), and difference in AICc values (∆AICc),
log likelihood (LogLik), and Akaike weights (Weight) for the models explaining resource selection of pheasants at 2nd and 3rd order
during non-breeding and breeding season across study area in Beadle County, South Dakota, USA from 2017-2019.
Selection Order and
Season
Model
K
AICc
∆AICc LogLik
Weight
CRP300 + Dist_Grass + Dist_Wetland +
Dist_Road + Forest300 + Rowcrop500
9 21279.3
0.00
-10630.65
0.995
2nd-Order NonCRP300 + Dist_Grass + Dist_Wetland +
breeding
Dist_Road + Forest300 + Rowcrop500 +
Smallgrain300
10 21289.7
10.42
-10634.85
0.005
CRP300 + Dist_Grass + Dist_Road +
Dist_Smallgrain + Rowcrop300
8 22688.7
0.00
-11336.34
0.777
CRP300 + Dist_Grass + Dist_Road +
2nd-Order Breeding Dist_Smallgrain + Rowcrop300 +
MammalRAI300
9 22692.7
5.20
-11337.37
0.102
CRP300 + Dist_Grass + Dist_Road +
Rowcrop300
7 22694.9
6.17
-11338.42
0.036
Rowcrop300 + Road300 + Wetland300
6 23445.1
0.00
-11716.52
0.398
Rowcrop300 + Road300 + Forest500
6 23445.8
0.73
-11717.89
0.206
3rd-Order NonRowcrop300 + Road300
5 23445.8
0.75
-11717.90
0.204
breeding
Rowcrop300 + Wetland300
5 23447.5
2.42
-11718.73
0.035
Road300 + Forest500
5 23449.8
4.21
-11719.63
0.022
Grass300
4 23363.8
0.00
-11677.88
0.303
Grass300 + Dist_Road
5 23365.0
1.27
-11677.18
0.226
3rd-Order Breeding
Rowcrop300 + Dist_Road
5 23365.3
1.50
-11677.52
0.161
Rowcrop300
4 23365.8
1.53
-11678.64
0.143
Note: Non-breeding = period from January-April, breeding = period from May-August, CRP = grassland enrolled in conservation reserve program,

Dist prefix indicates distance to nearest identified land-cover type, and RAI = relative abundance index.
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Table 3-4. Parameters, estimated beta coefficients, standard errors (SE), 95% confidence interval lower and upper (LL, UL) of the most
parsimonious model structure of pheasant’s resource selection during different seasons at different order of resource selection over study
area in Beadle County, South Dakota, USA from 2017-2019.
Resource
Selection Order

2nd Order

Parameters
CRP300
Forest300
Rowcrop500
Dist_Grass
Dist_Road
Dist_Smallgrain
Dist_Wetland

3rd Order

Road300
Grass300
Rowcrop300
Wetland300

Non-Breeding

Breeding

Estimate SE
LL
UL
0.093 0.005
0.084 0.103
0.038 0.004
0.030 0.046
0.048 0.005
0.030 0.059
-0.046 0.005 -0.055 -0.036
-0.083 0.003 -0.091 -0.076
-0.143 0.005 -0.153 -0.134

Estimate SE
LL
UL
0.060
0.004 0.053 0.067
-0.025
0.005 -0.033 -0.018
-0.051
0.004 -0.058 -0.043
-0.046
0.024 -0.052 -0.040
-0.018
0.004 -0.025 -0.011
-

0.015
-0.047
0.030

0.004
0.010
0.010

0.009
-0.061
0.016

0.021
-0.032
0.045

0.015
-

0.003
-

0.009
-

0.021
-

Note: Non-breeding = period from January-April, breeding = period from May-August, CRP = grassland enrolled in conservation reserve program,
Dist prefix indicates distance to nearest identified land-cover type.
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Fig. 3-1 Area in Beadle County, South Dakota, USA where study was conducted for
understanding pheasant resource selection from 2017-2019.
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a)

b)

c)

d)

e)

Fig. 3-2 Predicted relationship of probability of pheasant resource selection at 2nd order
(solid line) with 95% confidence interval (shaded area) in relation to different land-cover
types (a) percentage of CRP at 300 m, b) percentage of forest at 300 m, c) distance to
wetland (m), d) distance to grassland (m), and e) distance to road (m) during non-breeding
season (January-April) across study area in Beadle County, South Dakota, USA from 20172019. CRP = grassland enrolled in conservation reserve program.
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a)

b)

c)

d)

e)

Fig. 3-3 Predicted relationship of probability of pheasant resource selection at 2nd order
(solid line) with 95% confidence interval (shaded area) in relation to different land cover
types (a) percentage of CRP at 300 m, b) percentage of rowcrop at 300 m, c) distance to
grassland (m), d) distance to small grain (m), and e) distance to road (m) during breeding
season (May-August) across study area in Beadle County, South Dakota, USA from 20172019. CRP = grassland enrolled in conservation reserve program.

118

a)

b)

c)

Fig. 3-4 Predicted relationship of probability of pheasant resource selection at 3rd order
(solid line) with 95% confidence interval (shaded area) in relation to different land cover
types (a) percentage of wetland at 300 m, b) percentage of rowcrop at 300 m, and c) road
density at 300 m during non-breeding season (January-April) across study area in Beadle
County, South Dakota, USA from 2017-2019.
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Fig. 3-5 Predicted relationship of probability of pheasant resource selection at 3rd order
(solid line) with 95% confidence interval (shaded area) in relation to percentage of grass at
300 m during breeding season (May-August) across study area in Beadle County, South
Dakota, USA from 2017-2019.
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CHAPTER

4:

INFLUENCE

OF

LANDSCAPE

COMPOSITION

AND

CONFIGURATION ON NEST-SITE SELECTION AND NEST SURVIVAL OF A
GRASSLAND-NESTING BIRD1
ABSTRACT
Understanding habitat selection is critical in habitat prioritization for species of
conservation and management concern. This information is particularly important for
grassland bird species such as pheasants (Phasianus colchicus) whose populations have
declined since the mid-20th century. Population dynamics of pheasants are partially
related to nest survival, which may be influenced by the quality of nesting habitat.
Consequently, knowledge of vegetation composition and structural characteristics
associated with selection and survival of pheasant nests would help inform management
decisions to improve nest success. We monitored nests from 103 radio-marked pheasants
inhabiting an agricultural landscape in South Dakota from 2017-2019 to determine the
impact of landscape composition and configuration on their nest-site selection and nest
survival. At the microhabitat scale, pheasants tended to select for taller vegetation and
higher percent grass cover than found at paired random sites. At the macrohabitat scale,
pheasant nest-site selection was also positively associated with area under Conservation
Reserve Program, area under small grain, and contiguity of grassland patches. Weather
factors had a greater impact on nest survival than vegetation characteristics and temporal
factors. Nest success from the most-supported model of weather variables was estimated
to be 29% (95% CI = 12-39%). Daily nest survival was negatively associated with
percent litter cover at the microhabitat level. At the macrohabitat level, daily nest survival
increased with decreasing distance from small grain and with increasing distance from
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rowcrop. Our results suggest management for breeding pheasants should focus on a
heterogeneous landscape to improve nest survival.

Keywords: Nest-site selection, nest survival, grassland, habitat management, landscape
composition, landscape configuration
1

This chapter is prepared for Ornithology.

INTRODUCTION
Loss and destruction of natural land cover are the primary causes of declines in
global biodiversity (Prugh et al. 2008, Haddad et al. 2015). Destruction of natural
ecosystems typically results in fragmentation, the division of natural cover into smaller
and more isolated patches separated by a matrix of land converted to a variety of
anthropogenic land uses (Fahrig 2003, 2020). Reduced area, increased isolation, and
greater exposure to fragment edges may change the structure and functioning of the
remaining land cover fragments for species using them as habitat.
Grasslands have been recognized as a terrestrial biome with a high degree of
biodiversity and ecosystem services. The disparity between the rate of grassland loss and
the degree of effective protection has put this ecosystem at risk worldwide (Hoekstra et
al. 2005, Haddad et al. 2015). Extensive portions of the US Great Plains have been
converted into productive croplands (Augustine et al. 2019). Conversion of native
grassland to cropland, combined with additional losses to woody plant encroachment,
urban expansion, and energy extraction, has been widely recognized as a major challenge
for grassland species conservation (Samson et al. 2004, Augustine et al. 2019). Samson
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et al. (2004) estimated that by 2003, tallgrass, mixedgrass, and shortgrass provinces of
the Great Plains were reduced to 13%, 29%, and 52% of their historical extents,
respectively. More recent analyses suggested that 221, 000 km2 of grassland were
converted to cropland in the northern Great Plains during 2009-2017 (World Wide Fund
2018). Many wildlife species associated with grasslands have experienced populationlevel declines. The large-scale conversion of North American grasslands to agriculture
has been strongly associated with declines of numerous grassland bird populations
(Peterjohn and Sauer 1999, Askins et al. 2000, Brennan and Kuvlesky 2005).
The ring-necked pheasant (Phasianus colchicus, hereafter pheasant) is a nonnative grassland-nesting bird from East Asia with naturalized populations across most of
North America. Decreases in pheasant populations across North America (Dwight et al.
2019) have been attributed to the removal of hedges adjacent to crop fields (Benton et al.
2003), changes in crop types and the timing of crop harvest (Glemnitz et al. 2015),
increases in pesticide application (Mineau and Whiteside 2006), and higher susceptibility
to predation resulting from habitat change (Evans 2003). Nest survival and brood
survival, as well as hen survival, have been attributed as the most limiting factors
throughout the midwestern United States (hereafter the Midwest; Warner et al. 1984,
Etter et al. 1988, Schmitz and Clark 1999). Nest survival has been shown to be impacted
by nesting habitat conditions (Warner et al. 1987), as well as temporal variation in
climate and hatch date (Riley et al. 1998). It has been suggested that the quality and
availability of nesting habitat may be limiting pheasant populations (Lyons 2017). Nest
survival may be affected at a broader scale by habitat factors such as land cover and
fragmentation (McNew et al. 2011b), and at a finer scale by microhabitat factors such as
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vegetative species composition and structure (Hamerstrom et al. 1957, Buhnerkempe et
al. 1984, McKee et al. 1998).
Apparent declines in pheasant populations have stakeholders seeking information
on causes and, specifically, how this decline relates to survival of individuals within
regional populations (Warner et al. 1987, Riley et al. 1998, Schmitz and Clark 1999).
Managers typically focus on biological periods that have the greatest influence on
recruitment. For pheasants, breeding is considered the biological period of greatest risk
for adult females due to exposure during different stages of breeding (incubating nests
and raising broods), and investment of nutrient reserves in forming and laying eggs (Hill
and Robertson 1988, Riley et al. 1998). Nest survival is an important determinant of
recruitment rates in pheasant populations. Therefore, focusing on improving nest survival
rate could maximize benefits of pheasant management strategies. Nest-site habitat quality
influences nest success in pheasants (Badyaev 1995, Taylor et al. 1999) and managing for
high-quality nest habitats may offer opportunities to improve pheasant productivity.
Identifying links between reproductive success and microhabitat selection of avian
populations is critical to understanding mechanisms affecting population trends (Clark et
al. 1999). This knowledge is especially important for a farmland bird species because the
landscapes they inhabit have been altered such that quality nesting habitat for these
species may be either highly fragmented or limited (Benton et al. 2003, Coates et al.
2017b).
A variety of methods have been implemented to improve survival of females. In
the Midwest, efforts have focused on providing high-quality vegetation cover for nesting.
This has primarily occurred through the use of the conservation reserve program (CRP),
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which financially compensates landowners for planting perennial grass cover on
agricultural land for 10-15-year contracts. Originally intended to provide environmental
benefits, such as decreased soil erosion, CRP also provides habitat for grassland obligate
species (Best et al. 1997). However, limits on CRP enrollment, and expiring contracts
over the next decade may have negative influences on pheasant populations as quality
habitat is removed from the landscape (Wu and Weber 2012, Hellerstein 2017). In South
Dakota alone, over 10 years (2008-2018), the state lost ~37% of grasslands enrolled in
CRP to corn (Them ayes) and soybean (Glycine max) production (Wimberly et al. 2017).
Considering the anticipated declines in CRP grasslands, managers should focus on
identifying alternative land-cover types that can provide quality habitat.
Identifying habitat conditions that facilitate productivity and survival of focal
species is a common goal of wildlife conservation. Thus, investigating multi-scale habitat
factors, such as microhabitat influenced by on-site management or conserving
contextually important patches associated with productivity, can inform effective
conservation actions. Examining habitat selection and identifying habitat deficiencies that
may negatively influence reproductive success can be important for efficient management
of species, providing land managers with specific management solutions to improve nest
survival. We also need to consider the order of habitat selection process at which
information should be gathered and studied. Johnson (1980) proposed a four-level
hierarchical framework that describes habitat selection across different spatial scales: 1st
order is selection of geographical range of a species; 2nd order is placement of home
range; 3rd order is selection of various habitat patches within home range; and 4th order is
selection of specific resources within these habitat patches.
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Here, we used three years of data on nest site attributes and nest survival from a
collared pheasant population to investigate factors influencing nest survival and nest-site
selection at 2nd and 3rd order. We also assessed habitat selection for nesting and nest
survival at two spatial scales to assess pheasant response to landscape composition and
configuration (macrohabitat) and vegetation structure and composition (microhabitat).
We hypothesized that i) pheasants would avoid rowcrop and would prefer grassland and
CRP for nesting, ii) pheasants would prefer grass cover and vegetation structure at
microsite and area under grassland for nesting, and iii) nest survival would increase with
increase in vegetation structure, grass cover, and area of grassland. Our findings can
inform effective habitat management practices within agricultural landscapes by
identifying unique ecological factors that are selected by this ground-nesting bird for their
nest site and by evaluating contribution of those factors to nest survival.
METHODS
Study area
We conducted our study from January 2017 to August 2019 across ~1119 km2
area of southwestern Beadle County in eastern South Dakota, United States. The region
experienced hot summer with average annual precipitation of 182 mm (2017-2019;
National Oceanic and Atmospheric Administration 2019). Dominant grass species
included smooth brome (Bromus inermis), western wheatgrass (Pascopyrum smithii),
Kentucky blue (Poa pratensis), and big bluestems (Andropogon gerardii). Corn, sorghum
(Sorghum bicolor), and winter wheat (Triticum aestivum) are the major crop types
(Westin and Malo 1976). Common predators of pheasants and pheasant nests included
coyote (Canis latrans), raccoon (Procyon lotor), badger (Mustelidae Mephitidae), striped
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skunk (Mephitis mephitis), red-tailed hawk (Buteo jamaicensis), and northern harrier
(Circus cyaneus). The majority of landscape in study area is under cultivation (52%)
followed by grassland (40%) and (4%) wetland (US Department of Agriculture, National
Agricultural Statistics Service 2019).
Capturing, and tracking
We captured female pheasants using baited funnel-entrance walk-in traps and
occasional night-lighting techniques (Labisky 1959) from January until March over three
years (2017 to 2019). We attempted capturing at sites with subjectively high winter
concentrations of pheasants. We fitted each captured bird with a 15-g necklace-style very
high frequency radio transmitters (Model #A3960, Advanced Telemetry Systems, Isanti,
MN, USA). All animal handling procedures were approved by the Institutional Animal
Care and Use Committee at South Dakota State University (IACUC approval # 16086A).
We used vehicles mounted with a null-peak antenna receiver and compass system
(Cox et al. 2002) to estimate location of each captured bird by triangulation 3-5 days per
week. Tracking occurred between 0600 and 1800 hours. We rotated the order of location
such that each bird was monitored during different times of day. We took 3 bearings in a
5-15 minute period to minimize movement bias. We took additional bearings until the
error polygons were <1,500 m2 (approx. 22-m radius). We calculated Universal
Transverse Mercator coordinates and error polygons in the field using an on-board
computer via Locate III software (v3.34).
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Nest Monitoring
From April-August, females with stationary locations for ≥ 2 consecutive
telemetry fixes suggested initiation of nest incubation. The nest location was visually
confirmed by locating the female on the nest using a receiver (R-1000, Communications
Specialists, CA, USA). We attempted to avoid flushing the female from the nest as
disturbance may increase predation or abandonment (Evans and Wolfe 1967, Giuliano
and Daves 2002). Using a handheld GPS unit, nests were marked from each of four
cardinal directions at a distance of ~5 m to provide observers with the nest location for
subsequent visits. Each nest was then monitored weekly until its fate was determined.
Nests were verified visually after the nest failed or the eggs hatched to minimize nest
abandonment. A nest was considered successful if one or more than one chick hatched,
ascertained by visual assessment of eggshell remains. If the entire clutch failed to hatch,
nests were considered unsuccessful and classified as depredated or abandoned (Klett et
al. 1986).
Relative abundance of predators
We considered that pheasants may select nesting locations in areas with lower
relative abundance of mammalian and avian predators. We used camera traps and
roadside surveys to assess the relative abundance index (RAI) of mammalian and avian
predators, respectively. Surveys were conducted during the pheasant breeding season
(May-August) each year. To survey for mammalian predators, we set motion-activated
Bushnell HD Trail Cameras (Bushnell Inc. Des Plaines, II) across our study area. We
used ArcGIS to randomly generate 30 points in nesting habitat within study area.
Cameras were placed at nearest nesting habitat edge. Nesting habitat included grassland,
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grass including alfalfa, and winter wheat. Each camera was set to capture three
photographs per five seconds with each trigger. To increase the probability of detection,
we placed a fatty acid predator lure (Pocatello Supply Depot, Pocatello, Idaho) ~5 meters
in front of each camera. Cameras were checked weekly to refresh the scent lure and
replace the SD card (8 GB), batteries, or both (as needed). We required sequential
photographs of the same species to be separated by ≥30 minutes to be considered
independent detections (Iannarilli et al. 2021, Jenks et al. 2011). Our camera traps
identified four major species (see Results). For each species, we calculated RAI as:
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑔𝑟𝑎𝑝ℎ𝑠 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑅𝐴𝐼 = (
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑡ℎ𝑒 𝑐𝑎𝑚𝑒𝑟𝑎 𝑤𝑎𝑠 𝑎𝑐𝑡𝑖𝑣𝑒
for each camera site (Jenks et al. 2011). To survey raptors, we established six, 21km long survey routes. These routes along roads were selected randomly followed by
ground truthing to check accessibility through a vehicle. Raptor surveys were conducted
once per week within the two hours after sunrise. Surveys were conducted while driving
at speed of 50 km/hr. Surveys were conducted on sunny days with <60% cloud cover and
wind speeds of <20 km/h. No surveys were performed during rainy or foggy periods
(Carrete et al. 2009, Zilio et al. 2013). We calculated RAI as:
𝑅𝐴𝐼 = (

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑎𝑝𝑡𝑜𝑟𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑠𝑢𝑟𝑣𝑒𝑦𝑒𝑑

for each transect (Jenks et al. 2011). We further used an inverse distance weighted
(IDW) method in ArcGIS (Esri, Redlands, California, US) to interpolate RAI of
mammalian and avian predators across the study area. Separate RAI raster maps were
created for each mammalian and avian predator species using IDW. We then used Raster
Calculator to combine these maps into one map each for mammalian and avian predator.
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Weather
We recorded average daily temperature (temperature), average daily precipitation
(precipitation), and average daily wind speed (wind speed) at 2 m above ground
throughout the nesting periods from a weather station located ~28 km northeast of the
study area.
Land cover classes
We used the USDA Cropland Data Layer (CDL; US Department of Agriculture,
National Agricultural Statistics Service 2019) to extract land-cover classes for our study.
The original CDL file has 133 land-cover classes based on the dominate vegetation on
ground. We used the Spatial Analyst package in ArcGIS to reclassify the original landcover classes into six cover classes: grassland, rowcrop, small grain, wetland, forest, and
other. We further used shapefiles of grassland enrolled in CRP (US Department of
Agriculture) to create two separate classes: grassland without CRP grassland classified as
grassland and CRP grassland classified as CRP.
Covariates for 2nd-order nest-site selection
We estimated landscape metrics (i.e., percentages of land-cover types, and RAI of
predators) at three spatial scales (500 m, 1000 m, and 5000 m), which have been found to
be biologically relevant to pheasants (White 2012, Jorgensen et al. 2014). We used a
moving window analysis to calculate mean values or percentages within each
neighborhood using the Focal Statistics Tool in ArcGIS. Neighborhood was defined as a
circular buffer with a search radius corresponding to each scale. We calculated road
density within each scale using the Line Density Tool in ArcGIS. Road density estimates
were calculated at each of the three scales. We also quantified distance to grassland,
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rowcrop, small grains, wetlands, forest, CRP, and road from each nest and random site
using ArcGIS. For each nest site location sampled, we also sampled one paired random
(or available) site between 50 m and 200 m from the nest in a random direction. Values
were extracted to each nest and associated random site after the moving window analyses
were complete.
Covariates for 3rd-order nest-site selection and nest survival
Microhabitat sampling
We recorded vegetation characteristics for each identified nest and associated
random site within 3-5 days of the nest hatching or failing. At each nest and paired
random site, we collected attribute data on the local vegetative community structure and
composition. We estimated percent canopy cover of grasses, forbs, bare ground, and litter
using a modified Daubenmire frame (Daubenmire 1959) at nest and random site and at 3m intervals along a 15-m transect in each cardinal direction. We estimated visual
obstruction readings (VOR) to the nearest 0.5 decimeter at nest and random site using a
Robel pole and recording the lowest band that was totally obstructed from a distance of 4
m and an eye height of 1 m (Robel 1970). VOR was estimated at the nest and random
sites, and at 3-m intervals along a 15-m transect in each cardinal direction from each site.
We assumed that certain fragmentation indices would impact 3rd-order nest-site
selection and nest survival (Table 4-1). We used FRAGSTAT v4.2 (McGarigal et al.
2012) to compute fragmentation indices at 500-m, 1000-m, and 5000-m spatial
neighborhoods. The process involved creation of buffers of different scale around each
nest and random site. Reclassified land cover was then extracted for each of the buffered
sites and was used to calculate required indices.
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Data analysis
2nd-order and 3rd-order nest-site selection
We used a resource selection framework (i.e., nests = used [1] vs. random sites =
available [0] study design) to test the effects of spatial predictors on 2nd-order and 3rdorder selection on the landscape (Johnson 1980, Boyce and McDonald 1999, Boyce et al.
2002, Manly et al. 2002, Nielsen et al. 2002). For 2nd-order selection, we considered the
area within a 1-km buffer of home range centroids as the maximum area available in
which a pheasant could place their nest. We selected a 1-km buffer because the average
distance from center of winter home range to center of home range in breeding season
was 0.995 km (SD = 20.89).
Modeling and model selection
Prior to developing nest-site selection and nest survival models, we tested for
pairwise correlations between all variables using a Pearson Product Moment correlation
test. Variables were considered significantly correlated if |r| > 0.7 (Farrell et al. 2019).
We conducted separate analyses for (i) 2nd-order nest-site selection, (ii) 3rd-order nest-site
selection, (iii) and nest survival. To model 2nd-order and 3rd-order nest-site selection, we
used linear mixed-effect models of the binomial family (Gillies et al. 2006, Koper and
Manseau 2009) within lme4 package (Bates et al. 2015) in R software program v3.6.1 (R
Core Team 2019). For 2nd-order nest-site selection, we first ran univariate models of
chosen covariates to determine the form and scale that was most supported by the data.
Each variable had a model set that included all forms. The selected form and scale
combination with the lowest AICc score was used to represent that variable in the final
model set (Gregory et al. 2011, Aldridge et al. 2012, Fedy et al. 2014). This approach
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allowed for a multi-scale model that can contribute to better model performance
compared to single-scale models (Graf et al. 2005). We ran all possible combinations of
the most-supported form and scale of each predictor in final model sets.
For 3rd-order nest-site selection, we evaluated our models separately for
microhabitat and macrohabitat scale. For microhabitat scale, we ran all possible
combination of percent canopy cover of grass, percent cover of forb, percent cover of
bare ground, percent cover of litter, and VOR. For macrohabitat scale, we evaluated
impact of distance to different land-cover types, mammalian and avian predator RAI, and
fragmentation indices at different spatial scales. We first separately evaluated
fragmentation indices by running univariate models to determine the scale that was most
supported by the data. We then evaluated univariate models with each of the selected
predictors (distance to cover types, RAI, and fragmentation indices at chosen scale). In
the final step, we ran all possible combinations of the predictors with ∆AIC ≤ 2 in final
model sets.
For nest survival, we separately evaluated (i) temporal models (additive effects
from year, and initiation date in breeding season), (ii) weather models (precipitation
(prcp), temperature (tavg), and wind speed (wind)), (iii) microhabitat characteristics, and
(iv) macrohabitat characteristics. Date was included because of the importance of date
covariates in models of nest survival in which survival is presumed to vary across time
(Grant et al. 2005). We assumed that nest survival would be lower with progress in
season. We used steps similar to modeling microhabitat and macrohabitat characteristics
for 3rd-order nest-site selection for modeling nest survival. We compared these four
different model sets to assess category with maximum impact on nest survival. We ran
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univariate model and also different combination of these categories to evaluate their
association with nest survival. We used the logistic-exposure method (Shaffer, 2004) to
model nest survival. Logistic-exposure models are similar to logistic regression models in
that daily survival rate for any nest on a given day is modeled as a logistic function of the
explanatory variables for the nest on that day. It employs a modified logit link allowing
the time between nest checks to vary. We used the logistic-exposure link function in the
mass package (Venables and Ripley 2002) of the R software v3.6.1 (R Core Team 2019)
for our analysis. Using the logistic-exposure regression equation we derived daily
survival rates (DSR) which was then extrapolated across 23-day incubation period to
calculate nest survival. We incorporated both random and fixed effects using generalized
linear mixed-effects models to analyze nest survival.
At the final step of the model selection process, we selected the most-supported
model from among candidate models using a ΔAICc threshold of ∆AICc ≤ 2, while
accounting for potential uninformative parameters (Leroux 2019). We used ∆AICc, log
likelihood and 85% confidence interval to identify uninformative predictors (Leroux
2019); models containing uninformative predictors were excluded from subsequent
model sets.
RESULTS
We captured, radio-tagged, and monitored 321 hens during the study (2017: n =
87, 2018: n = 90, 2019: n = 144). We located and monitored 119 nests from 103 radiomarked pheasants over a period of 3 years (2017-2019). Out of these, 69 (3 abandoned, 3
mowed, and 63 depredated) nests failed, and 50 were successful. Of the 119 nests, we
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estimated that 15 were renests (including one third attempt). Renests were typically close
to first nests with a mean distance of 203 m (range = 18-451 m).
Over 3 years, we setup camera traps at 53 locations, of which 16, 30, 34 camera
traps were monitored in 2017, 2018, and 2019, respectively. In total, these cameras were
active for 9394 camera trap days. Raccoon had higher RAI followed by coyote (Table 42). We conducted a total of 1,472 road-side raptor surveys during study period. Redtailed hawk had highest RAI among avian predators (Table 4-2). Nest sites had higher
percent cover of grass, percent cover of forb at the microhabitat scale than random sites
(Figure 4-1).
2nd-order nest-site selection
Nest-site selection at 2nd order was associated with percentage of grass cover at
500-m scale, percentage of CRP at 5000-m scale, percentage of small grain at 5000-m
scale, percentage of rowcrop at 5000-m scale and mammalian RAI at 5000-m scale
(Table 4-3). Our result also indicated association with percentage of wetland at 5000-m
scale but it was an uninformative parameter (Table 4-3). Pheasants showed a preference
for grassland at small scale (Table 4-4, Figure 4-2a). Nest-site selection was also
positively associated with area under CRP and small grain at broad scale in that order
(Table 4-4, Figure 4-2b, and Figure 4-2c). Our results also exhibited avoidance of
rowcrop (Figure 4-2d) and negative association with RAI of mammals at broad scale
(Table 4-4). With 5% increase in grassland cover at 500-m scale, probability of nest-site
selection increased by 63% (Figure 4-2a). For CRP and small grain at 5000-m scale, an
increase by ~12% and ~40%, respectively, would give similar result (Figure 4-2b, Figure
4-2c).
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3rd-order nest-site selection
The most-supported model for 3rd-order nest-site selection showed association
with VOR and grass cover at microhabitat scale (Table 4-3). 3rd-order nest-site selection
was positively associated with VOR and grass cover at the microhabitat scale (Table 4-4,
Figure 4-3a, and Figure 4-3b). Increase in VOR by 10 units increased probability of
selection by ~50% (Figure 4-3a). With slight increase of grass cover (~25%), probability
of nest-site selection increased by ~54% (Figure 4-3b). At the macrohabitat scale, nestsite selection at 3rd order was associated with contiguity of grass patch at 1000-m scale
and sites with higher mammalian RAI at 1000-m scale (Table 4-3). The competing model
also showed influence of percentage of grassland at 500-m scale (Table 4-3). Pheasants
exhibited a high preference for contiguous patches of grassland (Figure 4-3c) while
avoided mammals at higher scale (Table 4-4).
Nest survival
We didn’t find any association of year with nest survival (Table 4-5). The mostsupported model showed positive association with initiation date in breeding season
(Table 4-5, Table 4-6). All three weather elements (prcp, tavg, and wind) best explained
nest survival (Table 4-5) and all three had negative association with nest survival (Table
4-6). At microhabitat scale, the most-supported model showed association with litter
cover (Table 4-5). The competing models, also showed association of nest survival with
forb cover, grass cover and VOR at microhabitat scale (Table 4-5). But these all were
uninformative parameters. At macrohabitat scale, the most-supported model included
distance to rowcrop and distance to small grain (Table 4-5). The competing models also
showed association of nest survival with contiguity of rowcrop patches at 500-m scale
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(Table 4-5). Nest survival was negatively associated with distance to small grain and
contiguity of rowcrop and positively associated with distance to rowcrop (Table 4-6,
Figure 4-4a, and Figure 4-4b). The farther nest was from a rowcrop area, more was its
probability of survival (Figure 4-4b). At microhabitat scale, estimated daily nest survival
from most-supported model was 0.98, which would equate to a nest success rate of 68%
(95% CI = 57%-77%) for the 23-day incubation period. At macrohabitat scale, estimated
daily nest survival was 0.96 and nest success was 46% (95% CI = 33%-60%). Estimated
daily nest survival under weather models was 0.94 and nest success was 29% (95% CI =
12%-39%). At temporal scale, estimated daily nest survival was 0.94 and nest success
was 29% (95% CI = 10%-50%). Among four categories (temporal, weather, microhabitat
characteristics, and macrohabitat characteristics), weather model best explained nest
survival (Table 4-7). When combined with different categories, our results exhibited
impact of weather along with initiation date in season and macrohabitat characteristics to
be most-supported model for nest survival (Table 4-7).
DISCUSSION
Previous work on pheasants has primarily focused on drivers of survival and
selection relative to vegetation attributes. Our results also indicated impact of
configuration of landscape on pheasant’s nest-site selection and nest survival. We
hypothesized positive association of grassland and CRP and negative association of
rowcrop with nest-site selection. We found that pheasant selected for grassland, CRP, and
avoided rowcrop for their 2nd-order nest-site selection (nest placement). We also found
evidence for positive association between percent of grass cover and vegetation structure
with 3rd-order nest-site selection.
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Selection for grassland and CRP for nest placement was not unexpected.
Pheasants are considered grassland species and they need grassland to fulfill different
biological requirements (nesting, brood rearing, survival; Clark et. al 1999, Riley and
Schulz 2001). Grasslands associated with CRP lands provide valuable habitat for many
avian species (Reynolds et al. 1994, Best et al. 1997, Delisle and Savidge 1997) and have
been suggested as an important driver of increased pheasant populations in the Midwest
(Haroldson et al. 2006, Nielson et al. 2008). The importance of CRP grasslands
intermixed with rowcrop agriculture on pheasant population has been well documented
(Haroldson et al. 2006, Nielson et al. 2008, Jorgensen et al. 2014) in terms of providing
high quality nesting and brood-rearing habitat (Matthews et al. 2012). The recent and
impending expiration of CRP contracts could prove detrimental for pheasant populations
throughout the Midwest. In agricultural landscape, with constraints in accessing
undisturbed grassland, there has been increasing need for alternative land cover which
can help in maintaining population of grassland species. Small grains like winter wheat
can act as an alternate habitat by providing good cover and breeding opportunities for
pheasants (Figure 4-2c; Jorgensen et al. 2014, Pauly et al. 2018).
Negative aspect of cultivated fields, like rowcrop, can be attributed to poor
protective cover from both weather and predators (Figure 4-2d; Kuzmenko 2012,
Jorgensen et al. 2014). Agricultural landscape is often associated with increased diversity
and abundance of generalist predators (Beasley et al. 2011, Beasley et al. 2013). Prey
species like mice, rodents, fawn of white-tailed deer often use cultivated fields thereby
further inviting both mammalian (e.g., raccoons, coyotes) and avian (e.g., great horned
owls (Bubo virginianus)) predators for frequent foraging these agricultural areas (Ward et
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al. 2018). Mammalian depredation was the main proximate cause of nest failure at our
study sites. It’s not surprising that pheasants avoided these rowcrops and sites with high
abundance index for mammals for their nest-site selection at both orders.
For 3rd-order selection, at the microhabitat scale, pheasants tend to select nest sites
with higher grass canopy cover (McDonald 1998, Boisvert 2005, Stonehouse et al. 2015)
and higher VOR (Meints 1991, Boisvert 2002, Stonehouse et al. 2015). Percent ground
cover vegetation, which represents the direct overhead concealment provided by
herbaceous vegetation was one of the key factors that best predicted nest-site selection at
the local scale. This is not surprising because most previous researchers evaluating
vegetation conditions reported nest selection to be positively associated with percent
ground cover or density of ground story vegetation in grassland birds (Byrne and
Chamberlain 2013, Kilburg et al. 2014, Streich et al. 2015). Selection for nest sites with
more vegetation cover also suggests that decisions made by pheasants when selecting
nest microsites may be related to concealment from predators (Lima 2009). Vegetation
structural heterogeneity have been reported to reduce predation risk (Bowman and Harris
1980). An increase in the vegetative density in a field may act as a physical barrier and
deter nest predators (Schranck 1972, Schmitz and Clark 1999). The importance of
vertical visual obstruction for nest establishment was consistent with other studies on
different galliforme species (Pitman et al. 2005, Grisham et al. 2014). Although overhead
cover could in some cases prevent visual detection of nests by mammalian predators,
selection for overhead cover could also be driven by stressful thermal conditions.
Structure around nest provides a microclimate that benefits the incubating female,
thereby reducing the amount of time spent away from the nest (Ar and Sidis 2002, Coates
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2007). Vegetation structure helps in optimizing thermal temperatures at the nest site,
which is important to embryo development (Hoekman et al. 2002). Previous studies have
indicated that increasing overhead cover is associated with cooler microclimates (Carroll
et al. 2016, Hovick et al. 2014) and that cooler conditions can be selected for and
influence nest survival for ground-nesting birds (Hovick et al. 2014).
The landscape matrix surrounding grasslands can influence and modify the
density of grassland birds (Horn and Koford 2006, Renfrew and Ribic 2008). We found
that contiguity of grassland patches had a positive influence on nest-site selection.
Grassland connectivity at broader scale can enhance dispersal of species and are found to
facilitate their survival and reproductive success (Johnson et al. 2001). Grassland
connectivity can enable pheasants to exploit multiple patches in otherwise fragmented
landscape (Martensen et al. 2008). Connectivity among grassland patches were also
found to enhance plant diversity and arthropod diversity in agricultural landscape
(Wamser et al. 2012, Villemey et al. 2015, Uroy et al. 2019), which can further improve
survival and reproduction of grassland birds. Based on the most-supported model
structure, our results also indicated that connectivity of grassland patches per se had
stronger impact on pheasant nest-site selection than did grassland area within the
agricultural landscapes.
Our data did not support our final hypothesis about increased nest survival with
more vegetation structure, percent grass cover, and area under grassland. At the
microhabitat scale, the primary factor influencing nest survival was percent litter cover
and at the macrohabitat scale, proximity to small grain and proximity to rowcrop
influenced nest survival. Our result contradicts the prediction of the nest concealment
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hypothesis (Martin and Roper 1988, Borgmann and Conway 2015), which assumed birds
should select nest sites with greater vegetation cover for having higher nest survival
probabilities. Association of greater vegetation cover and structure to higher nest survival
has been found in many gallinaceous species (Rhim 2012, Burr et al. 2017); in contrast,
there are studies (Deon 1997, Larson et al. 2003) which did not find influence of nest
cover on nest survival. We hypothesize that if birds already select nests at the lowpredation sites, then nest habitat characteristics like vegetation cover and vertical
structure would not correlate with nest survival (adaptive peak hypothesis; Wright 1932,
Chalfoun and Schmidt 2012, Latif et al. 2012). Evolutionary selection pressures that are
consistent in time and space can make organisms occupy an adaptive peak. These
evolved organisms show little flexibility and behave as if they have knowledge of the
types, frequency, and quality of habitats (McNamara et al. 2006). Our result on nest
survival was in accordance with the “adaptive peak hypothesis”, and so predators would
find a nest by chance and that there would not be any positive relationship between nest
concealment and nest survival. Findings from our nest-site selection analysis,
demonstrating preference for sites with low mammal numbers, further corroborate with
this discovery. In terms of microhabitat characteristics, we found a negative association
of nest survival with percentage of litter cover. More litter cover could negatively impact
percent cover of other influential vegetative components surrounding nests (McKee et al.
1998). Excessive litter can also delay new grass growth and decrease cover for nesting
(Westemeier 1973).
At the macrohabitat scale, we found a negative relationship between distance to
small grain and nest survival. Previous studies have reported that the proximity of
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habitats (e.g., grasslands, winter wheat) at the landscape scale affected the nest survival
of several grassland nesting species (Greenwood et al. 1995, Clark et al. 1999, Stephens
et al. 2003). The strong positive relationship between proximity to small grain and nest
survival rate was not unexpected. Increasing small grain in the landscape increases the
availability of nesting habitat (Simonsen and Fontaine 2016), which can positively affect
nest survival rates (Clark et al. 1999). Research indicates that landscape features can
influence the foraging patterns of nest predators (Phillips et al. 2003). Our research
supports previous theory that predator foraging efficiency can be reduced by increasing
the amount of nesting habitat within the landscape and therefore, by increasing the
amount of area available for predators to search (Phillips et al. 2003, Stephens et al.
2003). This may be important for nest success because most nest predators in dynamic
agro-ecosystems are mesopredators that do not actively search for nests but instead rely
on randomly discovering high nesting densities (Lariviere and Messier 1998, Riley et al.
1998). We also found negative impact of connectivity of rowcrop on nest survival (Figure
4-4b) which could be attributed to an increase in access to different predators who
frequently uses these cultivated areas.
Reproductive success declines over the course of the breeding season for many
grassland bird species (Verhulst and Nilsson 2008, Kozma and Kroll 2012). The decrease
in nest survival as season progresses has been shown in many galliformes (Fields et al.
2006). On the contrary, our findings demonstrated an increase in nest survival with
progress in breeding season. We suggest that with progress in season, vegetation density
and structure surrounding nest sites increased, perhaps making it more difficult for
predators to locate nests (Bryan and Best 1994, Chalfoun and Martin 2009). We also
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posit that predation of pheasant nests could be density-dependent and that nests or renests
later in season would be more successful than first nest attempts due to lower nest
densities (Bergerud and Gratson 1988).
Apart from a mosaic of habitat that is necessary to fulfill the life stage
requirements for pheasants, pheasant populations are significantly impacted by harsh
weather conditions (Laskowski et al. 2017). We observed that precipitation and
temperature had a negative impact on daily nest survival. Weather can affect nesting
success directly through exposure to heat and flooding (Moreno and Møller 2011) and
indirectly through altered food availability or predation risk (Crick 2004, Jenouvrier
2013, Newton 2013). In the breeding season, periods of extreme temperatures (e.g., heat
waves) during critical windows of development may negatively affect egg viability
(Stoleson and Beissinger 1999), and intense rain events have the potential to cause
flooding, reducing insect resources, and decreasing foraging efficiency (Moreno and
Møller 2011, Skagen and Yackel Adams 2012). Our results indicated that increasing
temperatures can decrease nest survival, perhaps prompting incubating females to leave
the nest for longer recesses for thermoregulation, exposing them to greater predation risk
(Mayer et al. 2009). Previous research indicated that the effect of daily precipitation on
nest survival was likely context-dependent, with some studies finding nests more likely to
survive on days with precipitation (Conrey et al. 2016) and others finding survival to be
less likely on days with precipitation (Dinsmore et al. 2002, Lehman et al. 2008, Webb et
al. 2012, Dinkins et al. 2016). Precipitation may affect the hen, as well as the
microclimate within the vicinity of the nest and eggs (Geaumont et al. 2017). Nests and
eggs exposed to precipitation may also be more susceptible to microbial infection, which
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can reduce the hatchability of eggs and subsequent survival of nests (Godard et al. 2007).
Many researchers have suggested that nutritional stress related from drought, and
flooding is also associated with poor reproductive success (Palmer et al. 1993).
We also suggest that warm, wet, and windy periods might enhance olfactory cues
used by predators to locate nests (Storaas and Wegge 1987) and increase nest predation
(Vander Haegen et al. 1988, Vangilder 1992, Palmer et al. 1993). Weather-related
variables (e.g., wind speed and moisture) can influence conspicuousness of prey odorants
(Ruzicka and Conover 2011, 2012, Borgo and Conover 2015). These findings generally
agree with Syrotuck (1972), who hypothesized that bacteria are primarily responsible for
scent, and that bacterial growth and scent intensity are also enhanced more by a warm,
wet environment than a cool, dry environment. During periods of high moisture (e.g.,
precipitation or high humidity), water molecules are thought to displace odorants from
surface binding sites (e.g., vegetation at bed sites, and eggs, feathers and fur of prey) and
thus increase the conspicuousness of odor cues and predator foraging efficiency (i.e., the
moisture-facilitated depredation hypothesis; Roberts et al. 1995, Conover 2007).
Pheasant nest-site selection and nest survival is a balancing act of predator
avoidance, thermoregulation, and forage availability. Current climate-change forecasts
predict hotter and drier conditions on the Great Plains during nesting and brood rearing
season (Grisham et al. 2016a). Our results offer nest-location-specific support that
pheasant productivity has the potential to decrease with conditions arising due to climate
change (Fields et al. 2006, Grisham et al. 2013). Our results, combined with those from
other studies, suggest that habitat management should be influenced by local climate
conditions and that managers should consider regional variation in habitat suitable for
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pheasants. Pheasant populations would benefit from research that identifies thermal
landscapes (i.e. distribution of temperature and relative humidity at multiple spatial
scales; Johnson 1980) and land management techniques (e.g., prescribed fire, grazing)
that promote cooler microclimates for nesting and brood-rearing activities (Grisham
2016).
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Table 4-1. Fragmentation indices assumed to have an impact on pheasant’s nest-site selection and nest survival across study area in
Beadle County, South Dakota, USA from 2017-2019. + indicates positive and - indicates negative relationship between fragmentation
indices and nest-site selection, nest survival.
Fragmentation
Predicted
Indices
Landscape/Class Abbreviation
Description
Relationship
Percentage of landscape
covered by different land cover Rowcrop
%Rowcrop
Small Grain
%Smallgrain
+/Grassland
%Grass
+
Percentage of
Landscape
CRP
%CRP
+
Measure of geometric
Landscape
LSI_L
-/+
complexity
of
a
landscape
or
of
Rowcrop
LSI_Rowcrop
different cover types in a
landscape. The value increases
as shape becomes more
irregular and/or as the length of
Landscape Shape
edge within the landscape
Index
Grassland
LSI_Grass
increases
-/+
Represents
connectivity
of
Landscape
Contiguity_L
-/+
Rowcrop
Contiguity_Rowcrop patches in a landscape or of
different cover types in a
landscape. Contiguous patches
will have values closer to 1
Contiguity Index
Grassland
Contiguity_Grass
+
Represents total number of
Landscape
NP_L
-/+
patches in a landscape or of
Rowcrop
NP_Rowcrop
different cover types in a
landscape
Number of Patches
Grassland
NP_Grass
-/+
Note: CRP = grassland enrolled in conservation reserve program.
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Table 4-2. Average relative abundance index (RAI) with standard error (SE) for mammalian and avian predators of pheasant across
study area in Beadle County, South Dakota, USA from 2017-2019.
Mammal

RAI (SE)

Coyote
4.46 (6.99)

Raccoon
10.44 (4.05)

Badger
1.17 (2.05)

Avian
Striped
Skunk
1.53 (2.29)

Red-tailed
Hawk
11.16 (3.12)

Northern
Hawk
6.78(2.12)

Swainson's
Hawk
4.18(2.09)
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Table 4-3. Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc values (∆AICc), log
likelihood (LogLik), and Akaike weights (Weight) of most-supporting models explaining 2nd-order and 3rd-order nest-site selection of
pheasants across study area in Beadle County, South Dakota, USA from 2017-2019 under different category at different spatial scale
(see Appendix II for detailed result).
Selection
Order
2nd Order

3rd order

Category

Model Structure

K

AICc

∆AICc

LogLik

Weight

Habitat

CRP5000+
MammalianRAI5000 +
Grass500 + Rowcrop5000+
SmallGrain5000
CRP5000+
MammalianRAI5000 +
Grass500 + Rowcrop5000 +
SmallGrain5000 +
Wetland5000
VOR
Grass
Contiguity_Grass1000 +
MammalianRAI1000
Contiguity_Grass1000 +
MammalianRAI1000 +
%Grass500

8

256.6

0.00

-120.01

0.611

9

257.5

0.88

-119.37

0.393

4
4
5

339.7
339.7
348.8

0.00
0.01
0.00

-165.777
-165.777
-169.283

0.366
0.365
0.336

6

350.3

1.50

-167.451

0.269

Microhabitat
Macrohabitat

Note: VOR = vertical obstruction reading, CRP = grassland enrolled in conservation reserve program, and RAI = relative abundance index
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Table 4-4. Parameter estimates, standard errors (SE), p-value, 95% confidence interval lower and upper (LL, UL), and odds ratio for
predictors from the most-supported model explaining 2nd-order and 3rd-order pheasant nest-site selection across study area in Beadle
County, South Dakota, USA from 2017-2019 under different category at different spatial scale.
Selection Category
Order
2nd Order Habitat

3rd Order

Parameters

Grass500
CRP5000
Small Grain5000
Rowcrop5000
MammalianRAI5000
Microhabitat Grass
VOR
Macrohabitat MammalianRAI1000
Contiguity_Grass1000m

Estimate

SE

p

LL

UL

Odds Ratio

4.320
2.091
0.511
-1.630
-0.056
0.006
0.042
-0.035
0.771

1.390
0.911
0.112
0.181
0.010
0.001
0.008
0.009
0.279

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

2.309
0.765
0.355
-1.896
-0.075
0.004
0.031
-0.048
0.366

6.345
3.416
0.666
-1.363
-0.037
0.007
0.052
-0.021
1.176

73.69
8.08
1.66
0.19
0.94
1.06
1.04
0.96
2.16

Note: VOR = vertical obstruction reading, CRP = grassland enrolled in conservation reserve program, and RAI = relative abundance index
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Table 4-5. Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc values (∆AICc), log
likelihood (LogLik), and Akaike weights (Weight) of most-spported models explaining pheasant nest survival across study area in
Beadle County, South Dakota, USA from 2017-2019 under different category (see Appendix II for detailed result).
Category
Model structure
K
AICc ∆AICc LogLik
Weight
Temporal
Day
3
199.3
0.00
-96.500
0.630
Year + Day
5
201.6
2.40
-95.500
0.190
Year
4
201.8
2.50
-96.700
0.180
Weather
Prcp + Tavg + Wind
5
188.4
0.00
-88.950
0.784
Microhabitat
Litter
3
191.6
0.00
-92.675
0.200
scale
Litter + VOR
4
192.3
0.76
-91.986
0.137

Macrohabitat
scale

Litter + Forb

4

192.8

1.21

-92.212

0.109

Litter + Grass

4

193.3

1.73

-92.468

0.084

Dist_Rowcrop + Dist_SmallGrain

4

195.7

0.00

-93.689

0.344

+ 3

197.0

1.26

-93.227

0.184

4

197.3

1.60

-94.489

0.155

3

197.7

1.96

-95.750

0.129

Dist_Rowcrop
+
Dist_SmallGrain
Contiguity_Rowcrop500
Dist_SmallGrain + Contiguity_Rowcrop500
Dist_Rowcrop

Note: Day = nest initiation date, Prcp = average daily precipitation, Tavg = average daily temperature, Wind = wind speed at 2 m above ground,
VOR = vertical obstruction reading, and Dist prefixes indicate distanct to nearest identified cover type.
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Table 4-6. Parameter estimates, standard errors (SE), p-value, 95% confidence interval lower and upper (LL, UL), and odds ratio for
predictors from the most-supported model explaining pheasant nest survival across study area in Beadle County, South Dakota, USA
from 2017-2019 under different category.
Category
Temporal
Weather

Parameters

S_day
Prcp
Wind
Temp
Microhabitat scale Litter
Macrohabitat scale Distance_SmallGrain
Distance_Rowcrop

Estimate

SE

p

LL

UL

0.016
-0.915
-0.472
-0.678
-0.041
-0.236
0.306

0.009
0.288
0.235
0.247
0.015
0.147
0.160

>0.05
<0.05
<0.05
<0.05
<0.05
>0.05
>0.05

0.002
-1.330
-0.811
-1.035
-0.063
-0.449
0.076

0.029
-0.501
-0.133
-0.322
-0.019
-0.024
0.537

Odds
Ratio
1.016
0.400
0.623
0.507
0.959
0.789
1.357

Note: S_day = nest initiation date in breeding season, Prcp = average daily precipitation, Tavg = average daily temperature, Wind = wind speed at
2 m above ground, and Dist prefixes indicate distanct to nearest identified cover type.
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Table 4-7. Model structure, number of parameters (K), Akaike’s information criterion
(AICc), difference in AICc values (∆AICc), log likelihood (LogLik), and Akaike weights
(Weight) of different category best explaining pheasant nest survival across study area in
Beadle County, South Dakota, USA from 2017-2019 (see Appendix II for detailed result).
Level
Individual
Combination

Category
Weather
Weather+Temporal+
Macrohabitat

K
5
8

AICc
188.4
172.7

∆AICc
0.00
0.00

LogLik Weight
-89.0
0.810
-77.7
0.944
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Figure 4-1. Average percent canopy cover (±SE) of different vegetation types and average
VOR (±SE) at nest and random sites across study area in Beadle County, South Dakota,
USA from 2017-2019. SE = standard error, VOR = vertical obstruction reading.
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a)

c)

b)

d)

Figure 4-2. Predicted relationship between probability of pheasant 2nd-order nest-site
selection (solid line) with 95% confidence interval (shaded area) and a) percentage of
grassland at 500 m, b) percentage of CRP at 5000 m, c) percentage of small grain at 5000
m, and d) percentage of rowcrop at 5000 m across study area in Beadle County, South
Dakota, USA from 2017-2019.
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a)

b)

c)

Figure 4-3. Predicted relationship between between probability of pheasant 3rd-order nestsite selection (solid line) with 95% confidence interval (shaded area) and a) microhabitat:
VOR, b) microhabitat: grass cover, and c) macrohabitat: contiguity of grassland across
study area in Beadle County, South Dakota, USA from 2017-2019. VOR = vertical
obstruction reading.
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a)

b)

Figure 4-4. Predicted relationship between between probability of pheasant nest survival
(solid line) with 95% confidence interval (shaded area) and a) distance to small grain (m),
and b) distance to rowcrop (m) across study area in Beadle County, South Dakota, USA
from 2017-2019.

177

CHAPTER 5: BROOD-SITE SELECTION AND BROOD SURVIVAL OF A
GRASSLAND BIRD IN AGRICULTURAL LANDSCAPE OF SOUTH DAKOTA1
ABSTRACT
Grassland birds have exhibited dramatic and widespread declines since mid-20th
century. Pheasants are considered an indicator and flagship species for grassland
conservation and are frequent targets of management, but their responses to land use and
management can be quite variable. Decline in pheasant population in North America has
been suggested to be linked to low brood survival, among other factors. We used data
collected from 26 broods from 2018 to 2019 to evaluate pheasant brood-site selection and
quantify use of different cover types during first 31 days since hatching. Brood-site
selection was positively associated with biomass of Hemiptera arthropod prey and
vegetation structure. Pheasants with a brood tended to select for sites closer to grasslands
than paired random sites. Brood-site selection was also negatively associated with area
under rowcrop and contiguity of rowcrop. Broods in our study had low survival rates to
31 days (0.22 (95% CI = 0.10-0.52)). High temperature and rainfall during the first two
weeks of hatch had the most negative impact on brood survival. Managing for highquality brood habitat could improve pheasant numbers. Further study is needed to
understand how brood habitat selection affects survival and the spatial scale at which this
occurs to develop effective habitat management strategies.
Keywords: Resource selection, grassland, spatial scale, brood survival, habitat
management

1

This chapter is prepared for Ornithology
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INTRODUCTION
Habitat loss and fragmentation pose substantial threats to many species and
communities across the majority of Earth's biomes (Fahrig 2003). However, not all
biomes have been equally affected. Of all major terrestrial biomes, temperate grasslands,
shrublands, and savannas exhibited the third highest rate of loss (45.8%) and smallest
representation within protected areas (4.6%; Hoekstra et al. 2005). Consequently, these
systems may face the greatest risk of biome-wide biodiversity loss. In North America,
conversion of native grasslands to agricultural land use has resulted in extensive loss and
fragmentation of natural land cover. This has further led to precipitous declines in both
quantity and quality of native grasslands (Samson et al. 2004). Concurrent with the loss
and degradation of grassland systems, grassland bird populations have declined
dramatically (Vickery and Herkert 2001, Sauer et al. 2017, Rosenberg et al. 2019), more
so than any other group of birds in North America (Rosenberg et al. 2019).
The ring-necked pheasant (Phasianus colchicus, hereafter pheasant) is a grassland
bird that is widely distributed but in decline across their North American distribution
(Lyons 2017, Herman 2020). For most states in the Great Plains, pheasant populations
peaked in the 1950s and 1960s (Dahlgren 1988). Changes in agricultural practices
reduced suitable cover for nesting and brood rearing leading to a decline in pheasant
numbers (Taylor et al. 1999, Etter et al. 1988). Studies of population dynamics and
abundance of pheasants have suggested that nesting and brood habitat is critical to
recruitment and could be limiting pheasant populations (Warner 1979, 1984, Chiverton
1994, Riley et al. 1998), and that brood survival is one of the most important and less
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studied components of pheasant life history (Warner et al. 1984, Hill and Robertson
1988).
Pheasants select pastures, alfalfa hay fields, grass fields with forbs, and weedy
areas for brood rearing, likely because these habitats produce large numbers of insects
(Hanson 1970, Hill 1985, Mathews et al. 2011). During the first six weeks of life,
galliformes chicks primarily eat insects, which provide the protein necessary for their
rapid growth (Healy 1985, Erpelding et al. 1987). Insects have been shown to be crucial
to survival and growth at this early age (Johnson and Boyce 1990). Pheasant broods that
have access to abundant insects typically exhibit fewer movements, smaller home ranges,
and higher survival and growth rates than broods that do not have such access (Hill 1985,
Mathews et al. 2011). Increased growth rate helps chicks to fledge sooner and reduce
chances of getting predated (Potts 1980). Exposure to weather, predation, and starvation
are considered to be the most common causes of mortality for gallinaceous chicks
(Bergerud and Gratson 1988).
The period of reproduction is of utmost importance with respect to maintaining
strong populations of galliformes because of its influence on the number of birds
recruited into the population each year (Peterson and Silvy 1996, Hagen et al. 2009,
Milligan et al. 2018). While nesting certainly has its challenges for the hen, the time of
brood rearing can also be difficult as hens lead precocial chicks in search of food and
cover (Manzer and Hannon 2008). Brood-rearing hens must select areas that provide food
for chicks, but also protect them from predators and weather elements (Hagen et al.
2005).
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We conducted this study with the main objective of evaluating habitat selection
by brood-rearing pheasants in an agricultural landscape. Johnson (1980) defines varying
scales of selection; we were most interested in the selection of habitat components within
the home range (3rd-order selection). Therefore, we sought to determine resource
selection during brood rearing by comparing pheasant’s brood sites to available sites. We
also assessed selection at scale of microhabitat and macrohabitat. At the microhabitat, we
investigated selection in terms of vegetation attributes and arthropod communities. At
macrohabitat scale, we evaluated landscape featured at multiple spatial scales. We also
looked at impact of hatch date and weather factors (precipitation and temperature) on
brood survival.
METHODS
Study area
We conducted our study from January 2017 to August 2019 across ~1119 km2
area of southwestern Beadle County in eastern South Dakota, United States. The region
experiences hot summer with average annual precipitation of 182 mm (2017-2019;
National Oceanic and Atmospheric Administration 2019). Dominant grass species are
smooth brome (Bromus inermis), western wheatgrass (Pascopyrum smithii), Kentucky
blue (Poa pratensis), and big bluestems (Andropogon gerardii). Corn (Them ayes),
sorghum (Sorghum bicolor), and winter wheat (Triticum aestivum) are the major crop
types (Westin and Malo 1976). Common predators of pheasants and pheasant nests
included coyote (Canis latrans), raccoon (Procyon lotor), badger (Mustelidae
Mephitidae), striped skunk (Mephitis mephitis), red-tailed hawk (Buteo jamaicensis), and
northern harrier (Circus cyaneus). The majority of landscape in study area is under
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cultivation (52%) followed by grassland (40%) and (4%) wetland (US Department of
Agriculture, National Agricultural Statistics Service 2019).
Field methods
We captured female pheasants during winter (January-March) primarily with
walk-in traps from 2017-2019. When snow was scarce and walk-in traps were less
effective, we supplemented captures with nighttime spotlighting and netting. Following
capture, each bird was weighed, marked with a uniquely numbered aluminum butt-end
leg band (National Band & Tag Company), and fitted with a 15-g necklace-style very
high frequency radio transmitters (model A3960, Advanced Telemetry Systems, Isanti,
MN, USA). Fitted transmitters were less than 3% of the animal’s mass (Kenward 2001)
with an 8-hour mortality switch and an expected battery life of 400 days. We located
radio-marked pheasants 3-5 days/week by triangulation with a vehicle‐mounted null-peak
system (Cox et al. 2002). We obtained locations for each individual on a rotational
schedule during 1 of 3 activity periods (dawn-1100 hrs, 1101-1500 hrs, 1501-dusk) to
correspond with daily foraging and loafing behavior (Weston 1954). All animal handling
procedures were approved by the Institutional Animal Care and Use Committee at South
Dakota State University (IACUC approval # 16-086A).
We used telemetry locations to evaluate initiation of nest incubation. Nest
location was then visually confirmed by tracking hen with a hand-held Yagi antenna.
Using a handheld GPS unit, nests were marked from each of the four cardinal directions
at a distance of ~5 m to provide observers with the nest location for subsequent visits.
Each nest was monitored weekly until its fate was determined. Nest remains were used to
determine fate of nests (Williams and Wood 2002). A nest was considered successful if
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one or more than one chick hatched, ascertained by visual assessment of eggshell
remains. If the entire clutch failed to hatch, nests were considered unsuccessful and
classified as depredated or abandoned (Klett et al. 1986). Hens tending broods were
located within 30 min of local sunrise at weekly intervals to assess brood status (Goddard
and Dawson 2009). During these weekly encounters, observers counted as many chicks
as possible immediately after flushing the attending hen and recorded the flush location
using a handheld GPS unit. We continued weekly flush counts until chicks reached 31
days of age or the brood was lost. Broods were considered lost if no chicks were sighted
during two consecutive weekly flush counts and hen behavior suggested that she was no
longer tending chicks (e.g., flocking behavior). In cases where hen behavior was
inconclusive, a third flush count was conducted to confirm that the brood was lost.
Relative abundance of predators
We considered that pheasants may select nesting locations in areas with lower
relative abundance of mammalian and avian predators. We used camera traps and
roadside surveys to assess the relative abundance index (RAI) of mammalian and avian
predators, respectively. Surveys were conducted during the pheasant breeding season
(May-August) each year. To survey for mammalian predators, we set motion-activated
Bushnell HD Trail Cameras (Bushnell Inc. Des Plaines, II) across our study area. We
used ArcGIS to randomly generate 30 points in nesting habitat within study area.
Cameras were placed at nearest nesting habitat edge. Nesting habitat included grassland,
grass including alfalfa, and winter wheat. Each camera was set to capture three
photographs per five seconds with each trigger. To increase the probability of detection,
we placed a fatty acid predator lure (Pocatello Supply Depot, Pocatello, Idaho) ~5 meters
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in front of each camera. Cameras were checked weekly to refresh the scent lure and
replace the SD card (8 GB), batteries, or both (as needed). We required sequential
photographs of the same species to be separated by ≥30 minutes to be considered
independent detections (Iannarilli et al. 2021, Jenks et al. 2011). Our camera traps
identified four major species. For each species, we calculated RAI as:
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑔𝑟𝑎𝑝ℎ𝑠 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑅𝐴𝐼 = (
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑡ℎ𝑒 𝑐𝑎𝑚𝑒𝑟𝑎 𝑤𝑎𝑠 𝑎𝑐𝑡𝑖𝑣𝑒
for each camera site (Jenks et al. 2011). To survey raptors, we established six, 21km long survey routes. These routes along roads were selected randomly followed by
ground truthing to check accessibility through a vehicle. Raptor surveys were conducted
once per week within the two hours after sunrise. Surveys were conducted while driving
at speed of 50 km/hr. Surveys were conducted on sunny days with <60% cloud cover and
wind speeds of <20 km/h. No surveys were performed during rainy or foggy periods
(Carrete et al. 2009, Zilio et al. 2013). We calculated RAI as:
𝑅𝐴𝐼 = (

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑎𝑝𝑡𝑜𝑟𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑠𝑢𝑟𝑣𝑒𝑦𝑒𝑑

for each transect (Jenks et al. 2011). We further used an inverse distance weighted
(IDW) method in ArcGIS (Esri, Redlands, California, US) to interpolate RAI of
mammalian and avian predators across the study area. Separate RAI raster maps were
created for each mammalian and avian predator species using IDW. We then used Raster
Calculator to combine these maps into one map each for mammalian and avian predator.
Weather Variables
We recorded average daily temperature (temperature), and average daily
precipitation (precipitation) for i) 2 weeks from hatch date, ii) 4 weeks from hatch date,
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and iii) 3 months before hatch date from a weather station located ~28 km northeast of
the study area.
Macrohabitat sampling
We developed landscape variables using the Spatial Analyst package in ArcGIS.
We used the USDA Cropland Data Layer (CDL) (US Department of Agriculture,
National Agricultural Statistics Service 2019) to classify its original 133 land-cover
classes into six cover classes: grassland, rowcrop, small grain, wetland, forest, and other.
Grass-dominated land cover ranged from native prairie to anthropogenically altered
grasslands such as hay lands and pastures. Lands enrolled in conservation reserve
program (CRP) were identified using US Department of Agriculture shapefiles. Using
ArcGIS, we further classified grassland without CRP as grassland and CRP grassland as
CRP. Agricultural crops including corn, soybeans (Glycine max), and sorghum, were
categorized as rowcrops. Crops like wheat, barley (Hordeum vulgare), and oats (Avena
sativa) were classified as small grains. Woody, and herbaceous wetlands were classified
as wetlands. Deciduous forest, evergreen forest, and mixed forest were classified as
forest. Remaining land-cover types were classified as other (Wright et al. 2017).
We further used FRAGSTAT v4 (McGarigal et al. 2012) to calculate certain
fragmentation indices that we assumed would impact brood habitat selection (Table 5-1).
We generated values of interests at three scales (300 m, 500 m, and 1000 m)
which have been found to be biologically relevant to pheasants (White 2012, Jorgensen et
al. 2014). These values were measured for each identified brood site and associated
random (i.e., available) site. For each brood location sampled, we also sampled one
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random site between 50 m and 200 m from the brood site in a random direction. We also
quantified proximity of these points to different land-cover classes using ArcGIS.
Microhabitat sampling
We recorded vegetation characteristics and arthropod data for each brood site and
paired random site within 1-3 days of brood flushing. At each site, we collected attribute
data on the local vegetative community structure and composition. To assess coverage at
brood site and random site we used a 20 x 50 cm Daubenmire plots (Daubenmire 1959)
and collected coverage data at 3-m intervals along a 15-m transect in each cardinal
direction from the site. We estimated percentage of canopy cover for grass, forbs,
standing litter, and bare ground at the site and at 3-m intervals along a 15-m transect in
each cardinal direction. Litter depth was measured with a meter stick to the nearest
millimeter at each of the Daubenmire frame locations. We estimated visual obstruction
readings (VOR) to the nearest 0.5 decimeter at brood and random site using a Robel pole
(Robel 1970). We recorded the lowest band that was totally obstructed from a distance of
4 m and an eye height of 1 m. VOR was taken at brood and random site and at 3-m
intervals along a 15-m transect in each cardinal direction. On the day of vegetation
sampling, we also conducted arthropod sampling at each site using both pit fall traps and
sweep nets. For pit fall traps, we placed two test tubes at the center location and then at
every 5 m up to 15 m in each cardinal direction. Pitfalls were left open for 48 hours, and
each test tube was filled with a 50:50 mixture of 100% propylene glycol and 70%
isopropyl alcohol (Orth 2018). For sweep nets, we used a 0.38 m diameter sweep net,
sweeping 10 sweeps per 5 m up to 15 m in each cardinal direction (Orth 2018). After
sampling, all collected arthropods were stored in a 50:50 mixture of 100% propylene
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glycol and 70% isopropyl alcohol until sorting and processing in the lab. We sorted
arthropod samples into the following Orders: Coleoptera, Hymenoptera, Orthoptera,
Hemiptera, Lepidoptera, Diptera, and, Araneae (Matthews et al. 2011, Matthews et al.
2013). Samples within each Order were counted and weighed. Before weighing,
arthropods were dried at 60℃ for 24 hours (Leathers 2003).
Data analysis
Modeling and model selection
We tested for correlations between all variables using a Pearson Product Moment
correlation test. Variables were considered significantly correlated if |r| > 0.7 (Farrell et
al. 2019). To model brood-site selection, we used linear mixed-effect models of the
binomial family (Gillies et al. 2006, Koper and Manseau 2009) within lme4 package
(Bates et al. 2018) in R software (v3.6.1, R Core Team 2019). Models were evaluated
using Akaike’s Information Criterion corrected for small sample size bias (AICc;
Burnham and Anderson 2002). At final step of the model selection process, we selected
the most-supported model from among candidate models using a ΔAICc threshold of
∆AICc ≤ 2, while accounting for potential uninformative parameters (Leroux 2019). We
used ∆AICc, log likelihood and 85% confidence interval to identify uninformative
predictors (Leroux 2019); models containing uninformative predictors were excluded
from subsequent model sets.
For brood-site selection, we evaluated our models separately for microhabitat and
macrohabitat characteristics. For microhabitat scale, we ran all possible combination of
percent cover of grass, percent cover of forb, percent cover of bare ground, percent cover
of litter, litter depth, VOR, and biomass of different arthropod orders. For macrohabitat
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scale, we evaluated impact of proximity to different land-cover types, RAI predators, and
fragmentation indices at different spatial scales. For identifying the scale that best
represented impactful fragmentation indices, we first ran univariate models of these
indices and selected scale with lowest AIC value. We then evaluated univariate models
with each of the selected predictors (proximity to cover types, RAI predators, and
fragmentation indices at chosen scale). We then ran all possible combinations of the most
supported predictors (∆AICc ≤ 2) in final model sets. We also compared microsite and
macrosite models to identify the scale which best explained brood-site selection.
We used Flint et al. (1995) correction to the Mayfield (1961) estimator to
calculate daily survival rates for broods through week 4. This method uses number of
hatched eggs as initial brood size and allows for dependence among brood mates. We
also related survivorship to hatching date and weather variables using Cox proportional
hazards models with the coxph procedure implemented in the survival package (Therneau
2021) of the R software v3.6.1 (R Core Team 2019). We tested assumption of cox model
using cox.zph function (Fox 2002) from survival package.
RESULTS
We had 12 successful nests in 2017 but 2017 was a drought year and none of the
broods survived long enough during that summer. We, therefore, used data collected
from 14 broods in 2018 and 12 broods in 2019. The number of brood sites per brood
included in the analyses ranged from 1-4. Brood sites had a higher percent cover of grass
and lower percent cover of bare ground compared to random sites (Figure 5-1). Both sites
had similar biomass for Diptera and Lepidoptera (Figure 5-2).
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At microhabitat, brood-site selection was best explained by biomass of Hemiptera
and VOR (Table 5-2). The candidate model also showed association of habitat selection
with percent of bare ground which had negative association with habitat selection (Table
5-2). Both Hemiptera biomass and VOR were positively associated with habitat selection
but effect of arthropod was much higher than vegetation structure (Table 5-3, Figure 53a, and Figure 5-3b). At macrohabitat, the most-supported model included percentage of
rowcrop at 300-m scale, and contiguity of rowcrop at 500-m scale (Table 5-2). Pheasants
with broods selected for sites with less area under rowcrop and more disconnected
rowcrop patches (Table 5-3, Figure 5-3c, and Figure 5-3d). The candidate model also
exhibited impact of grass proximity to brood-site selection (Table 5-2). So, pheasants
with broods selected for sites closer to grassland (Table 5-3). Among microhabitat and
macrohabitat models, microhabitat best explained brood habitat selection (Table 5-4).
Over 2 years, our estimated chick survival was 0.22 (95% CI = 0.10-0.52). We
didn’t find any influence of hatch date on brood survival (Table 5-5). The most-supported
model for weather 3 months prior to hatch date showed influence of average daily
precipitation on brood survival (Table 5-2). But since confidence interval overlapped
zero, it didn’t have any major impact on brood survival (Table 5-5). We did find
influence of average temperature for 2 weeks since hatch date on brood survival (Table 52). The candidate model also showed influence of precipitation for 2 weeks since hatch
date on brood survival (Table 5-2). High temperature and rainfall for first 2 weeks
negatively impacted brood survival (Table 5-5). Brood survival was also negatively
impacted by average daily temperature for 31 days after hatch date (Table 5-5). The
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average temperature for first 2 weeks since hatch best explained brood survival than
average temperature for over a month (Table 5-6).
DISCUSSION
The brood rearing stage is a critical period during pheasant’s life cycle.
Successful brood rearing is enhanced by access to food resources, mostly insects, as well
as appropriate habitat that provides protection from weather and predators (Trautman
1982). At microhabitat scale, we found that pheasants with broods selected areas with
higher biomass of Hemiptera than random available sites. The importance of
Hemipterans in the diets of pheasant chicks has been documented in several studies (Orth
2019, Matthews et al. 2011, Carroll 2007, 2010). The positive response to Hemiptera
biomass was likely due to the importance of insects as primary dietary items during the
first two weeks after hatch (Hill 1985, Riley et al. 1998). A comparison among all model
set (microhabitat, and macrohabitat) also showed high importance of insects for broodsite selection.
Previous research on microhabitat selection during brood rearing indicates
different habitat factors affect brood-site selection, with few consistent findings among
studies. Our finding of a selection preference for VOR at microhabitat level is supported
by several studies conducted across galliformes (Sveum et al. 1998, Aldridge and
Brigham 2001, Hagen et al. 2005, 2009). Brood rearing habitat must provide for both the
dietary requirements of young chicks as well as their cover. Higher measures of VOR
provide concealment and protection from predation; therefore, diminishing their chance
of mortality. Our analysis also indicated that pheasants with broods avoided sites with
more bare ground. This is in contradiction to several studies which have shown a positive
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impact of bare ground on habitat selection (Doxon and Carrol 2010, Matthews et al.
2011, Orth 2018). They argued that bare ground provided broods ample space for their
movement. We posit that avoidance of bare ground indicated less cover from both
predation and adverse weather conditions (Betts 2006). The detectability of broods will
increase with more percentage of bare ground, making them prone to predation (Laidlaw
et al. 2020). It could also imply less availability of invertebrate for chicks to feed at early
age and chicks being more prone to weather conditions (Jamison 2000).
Pheasants need grassland for their nesting success, reproductive success, and adult
survival (Clark et. al 1999, Riley and Schulz 2001). It is not surprising that proximity to
grassland habitat had a positive impact on brood habitat selection at a broader scale. Our
analysis showed that at the macrohabitat scale, habitat selection of brood-rearing
pheasants was also negatively associated with area under rowcrop and connectivity of
rowcrop. The negative effect of cultivated land such as rowcrop could be related to
increased diversity and abundance of generalist predators in agricultural landscapes
(Beasley et al. 2011, Beasley et al. 2013). As a consequence of the widespread
conversion of grassland to cropland that characterizes study area, there has been an
increase in generalist predator species because of their mobility and niche breadth
(Gehring 2000). Intense rowcrop agriculture provides a ubiquitous and predictable food
source for species capable of exploiting the agricultural matrix (Dunning et al. 1992).
Medium-sized generalist predators are found to thrive in fragmented and dynamic
landscapes, where agricultural crops increase their foraging opportunities and efficiencies
(Litvaitis and Villafuerte 1996, Heske et al. 1999). For example, the abundance of some
common nest predators (e.g. raccoon) tends to be greater in landscapes with more
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agriculture (Chalfoun et al. 2002). The food resources provided through agricultural
activities may even maintain population abundances of raccoons that exceed those that
occur in less disturbed landscapes. In addition to crops, agricultural ecosystems also
contain abundant resources in the form of homesteads, which provide temporally stable
sources of food (e.g., refuse, livestock feed) for generalist species. Distribution and
availability of more rowcrop areas in a landscape can also directly influence raccoon
movements (Dijak and Thompson 2000). Coyotes also prefer edges habitats and
agricultural/open areas (Chamberlain et al. 2000), which are often associated with
increased prey abundance (Atkeson and Johnson 1979). Therefore, areas containing
greater amounts of preferred agicultural habitats may support greater coyote abundance
or concentrate coyote movements, leading to increased predation. Avoidance of rowcrop
by brood rearing pheasants could also be attributed to less insect abundance and biomass
in these areas to support broods (Riley et al. 1998)
Our survival analysis suggested a very low survival of chicks in study area.
Extreme weather conditions like drought can produce an “ecological crunch” for
grassland bird community (George et al. 1992). Negative impact of temperature on brood
survival could be attributed to fragility of broods during first 2 weeks and low arthropod
food availability (Riley et al. 1998, Blomberg et al. 2014). During early postnatal period,
thermoregulatory system of precocial birds are also low in efficiency (Nichelmann and
Tzschentke 2002). Water is considered important for growing chicks. Dew on vegetation
helps in fulfilling this demand for pheasant broods (Baxter and Wolfe 1973). Rise in
temperature could also decrease availability of dew in landscape. Negative impact of
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precipitation within 2 weeks of hatch could be related to reduced foraging opportunities
and ultimately starvation of chicks (Oberg et al. 2015).
We suggest that given such low survival rate of chicks, there is need for more
information on factors impacting chick survival. Indeed, better understanding of the
factors that limit brood production and chick survival will help managers and biologist
identify important ecological factors at both local and landscape scale. This will further
help in prioritizing management and conservation strategies at the appropriate spatial
scale.
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Table 5-1. Fragmentation indices assumed to have an impact on pheasant brood-site
selection across study area in Beadle County, South Dakota, USA from 2018-2019.
Fragmentation

Landscape/Class

Abbreviation

Indices
Percentage

of Rowcrop,

Landscape

Grass,

Small

Grain, %Rowcrop, %Grass, %Smallgrain,
%CRP

and CRP
Landscape

Shape Landscape, Rowcrop, and LSI_L, LSI_Rowcrop, LSI_Grass

Index

Grass

Contiguity

Landscape, Rowcrop, and Contiguity_L,
Grass

Contiguity_Rowcrop,
Contiguity_Grass

Number of patches

Landscape, Rowcrop, and NP_L, NP_Rowcrop, NP_Grass
Grass

Note: CRP = grassland enrolled in conservation reserve program.

205

Table 5-2. Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc (∆AICc), log
likelihood (LogLik), and Akaike weights (Weight) of models explaining pheasant brood-site selection and brood survival at different
scale across study area in Beadle County, South Dakota, USA from 2018-2109.
Process
Brood-site
selection

Category
Microhabitat

Macrohabitat

Brood
Survival

Temporal
Weather-3
months before
hatch

Model Structure
Hemiptera + VOR
Hemiptera + %Bare
Hemiptera + VOR + %Bare
VOR + %Bare
%Bare
Hemiptera
VOR
Contiguity_rowcrop500+
%Rowcrop300
Dist_Grass +
Contiguity_ rowcrop500
%Rowcrop300
Contiguity_ rowcrop500+
Dist_Grass +
%Rowcrop300
Constant
Contiguity_rowcrop500
%Rowcrop300 + Dist_Grass
Hatch Date
Prcp
Tavg+Prcp
Tavg
Tavg
Tavg+Prcp

K
5
5
6
5
4
4
4
5

AICc
131.9
133.9
134.9
139.0
139.9
140.6
141.8
156.4

∆AICc
0.00
1.96
2.99
7.04
7.95
8.67
9.85
0.00

LogLik
-60.660
-61.638
-61.027
-64.179
-65.741
-66.102
-66.693
-72.891

Weight
0.599
0.225
0.134
0.018
0.011
0.008
0.004
0.205

5

156.5

0.04

-72.913

0.200

4
6

157.0
157.4

0.55
0.95

-74.273
-74.471

0.155
0.127

3
4
5
1
1
2
1
1
2

158.5
158.8
159.2
15.2
85.5
85.7
87.8
84.3
84.7

2.07
2.37
2.82
0.00
0.00
0.20
2.30
0.00
0.40

-76.115
-75.182
-74.298
-41.900
-41.700
-40.600
-42.800
-41.100
-40.200

0.073
0.063
0.050
1.000
0.450
0.410
0.140
0.420
0.340
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Weather-2
weeks since
hatch
Weather-4
weeks since
hatch

Prcp

1

85.4

1.20

-41.700

0.240

Tavg
Tavg+Prcp
Prcp

1
2
1

84.4
84.7
89.2

0.00
0.30
4.70

-41.200
-40.700
-43.500

0.620
0.320
0.060

Note: Hemiptera = hemipteran biomass, VOR = vertical obstruction reading, Bare = percent cover of bare ground, % = percentage of land-cover
type, Dist prefix indicates distance to nearest identified land-cover type, Prcp = average daily precipitation, and Tavg = average daily temperature.
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Table 5-3. Parameter estimates, standard errors (SE), p-value, 95% confidence interval lower and upper (LL, UL), and odds ratio for the
predictors from top model explaining pheasant brood-site selection at different scale across study area in Beadle County, South Dakota,
USA from 2018-2019.
Scale

Parameter

Estimate

SE

p

LL

UL

Microhabitat

VOR
Hemiptera
%Rowcrop300
Contiguity_rowcrop500

0.051
0.105
-0.010
-0.796

0.012
0.024
0.002
0.542

<0.001
<0.001
<0.001
>0.050

0.034
0.070
-0.013
-1.591

0.067
0.141
-0.006
-0.002

Macrohabitat

Odds
Ratio
1.052
1.111
0.990
0.451

Note: VOR = vertical obstruction reading, Hemiptera = hemiptera biomass, and % = percentage of land-cover type.

208

Table 5-4. Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc (∆AICc), log
likelihood (LogLik), and Akaike weights (Weight) of top model at microhabitat and macrohabitat scale to assess their importance for
pheasant brood-site selection process across study area in Beadle County, South Dakota, USA from 2018-2019.
Scale
Microhabitat
Macrohabitat

Model Structure
Hemiptera + VOR
Contiguity_rowcrop500 +
%Rowcrop300

K
5
5

AICc ∆AICc LogLik
131.9 0.00
-60.660
156.4 24.50
-72.891

Weight
1.000
<0.001

Note: VOR = vertical obstruction reading, Hemiptera = hemiptera biomass, and % = percentage of land-cover type.
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Table 5-5. Parameter hazard ratio (HR), standard errors (SE), p-value, and 95% confidence
interval lower and upper (LL, UL) for the the predictors from top model explaining
pheasant brood survival across study area in Beadle County, South Dakota, USA from
2018-2019.
Scale
Temporal
3 months
2 weeks
4 weeks

Parameter
Hatch Date
Prcp
Tavg
Tavg

HR
1.033
1.328
1.192
1.208

SE
0.016
0.150
0.089
0.094

p
<0.01
>0.05
<0.05
<0.05

Note: Prcp = average daily precipitation, Tavg = average daily temperature.

LL
0.992
0.989
1.002
1.004

UL
1.149
1.782
1.421
1.456
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Table 5-6. Model, number of parameters (K), Akaike’s information criterion (AICc),
difference in AICc (∆AICc), log likelihood (LogLik), and Akaike weights (Weight) of top
model from different weather category explaining pheasant brood survival across study
area in Beadle County, South Dakota, USA from 2018-2019.
Model
2 weeks
4 weeks
3 months

K
1
1
1

AICc
84.3
84.4
85.5

∆AICc
0.00
0.10
1.20

LogLik
-41.1
-41.2
-41.7

Weight
0.40
0.38
0.22
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a)

b)

c)

Figure 5-1. Average measure of a) percent cover of different vegetation types (±SE), b)
average VOR (±SE), and c) average litter depth (±SE) at brood and random sites across
study area in Beadle County, South Dakota, USA from 2018-2019. SE = Standard Error,
VOR = vertical obstruction reading.
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Figure 5-2. Average biomass of different orders of insects (±SE) at brood and random sites
across study area in Beadle County, South Dakota, USA from 2018-2019. SE = standard
error.
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a)

b)

c)

d)

Figure 5-3. Predicted relationship between probability of pheasant brood-site selection
(solid line) with 95% confidence interval (shaded area) and a) microhabitat: Hemiptera
biomass, b) microhabitat: VOR, c) macrohabitat: percentage of rowcrop at 300-m scale,
and d) macrohabitat: contiguity of rowcrop at 500-m scale across study area in Beadle
County, South Dakota, USA from 2018-2019. VOR = vertical obstruction reading.
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CHAPTER 6: FACTORS IMPACTING PHEASANT SURVIVAL DURING
BREEDING SEASON IN SOUTH DAKOTA1
ABSTRACT
Grassland has been recognized as the terrestrial biome with high biodiversity and
ecosystem values. Many wildlife species associated with grasslands have experienced
population-level declines. We studied survival of pheasants during breeding season to
understand their response to different land cover. From 2017-2019, we used data from
186 and 162 female pheasants in cox proportional hazard analysis framework to estimate
seasonal survival during breeding season and determine the association between habitat
structure and survival. We estimated pre-nesting and nesting season survival as 0.87
(95% CI = 0.82-0.92) and 0.73 (95% CI = 0.66-0.81), respectively. Our survival analysis
suggested habitat heterogeneity to be an important predictor of their survival. Area of
conservation reserve program grassland, proximity to road, and proximity to small grain
had positive impact on survival during breeding season. Adult survival was also
significantly impacted by relative abundance index of mammals in the study area. Our
results also indicated positive impact of daily precipitation and temperature on survival
during pre-nesting season. Wildlife managers need to establish multiple land-cover types
close together to provide pheasants refuge from the vagaries of unforeseen predation and
unpredictable weather elements.
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INTRODUCTION
Population ecology is centered on questions of how and why populations grow
and decline. Answers are often found within variations of key demographic parameters,
including annual productivity, juvenile survival, and adult survival (Crouse et al. 1987,
Donovan et al. 1995, Anders and Marshall 2005). An understanding of some of these
population limiting factors that cause population fluctuations is important to the study of
any species’ ecology and management and for estimating population viability (Sinclair
1991, White 2000).
Survival is often the most influential demographic parameter affecting population
viability and growth rate in wildlife species (Pollock et al. 1990, Davis 1999, Roche et al.
2010). Assessing factors that influence survival has important implications for modeling
long-term persistence of populations (Burnham et al. 1996) and provides a foundation
upon which to ask more detailed questions about a species’ ecology.
Habitat loss in the form of range-wide land conversion from natural vegetation to
agricultural cropland, and urban and energy development have been hypothesized as
causes of declines in several grassland bird populations (Taylor and Guthery 1980).
Grassland ecosystems which once dominated most of North America (Samson et al.
1998) are now one of the most extensively fragmented ecosystems (Askins et al. 2007).
Activities like agricultural intensification, and residential development have fragmented
grassland systems into a patchwork of remnants (Sisk 1998). The conversion of native
grassland to agricultural crop production ranges from 1.0% to 5.4% annually (Wright and
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Wimberly 2013). Along with grassland loss and fragmentation, climate change has
affected many remnant grasslands (IPCC 2013). The loss and fragmentation of grassland
ecosystems and their exposure to climate change pose significant threats to grassland
species, including birds. Since the 1970s, grassland birds in North America have declined
more than any other bird group (Sauer et al. 2014).
The ring-necked pheasant (Phasianus colchicus, hereafter pheasant) is a grassland
upland gamebird from East Asia with naturalized populations across most of North
America. The species once widely distributed has suffered a decline across North
America (Dwight et al. 2019, Lyons 2017). This decline has resulted from a number of
factors including conversion of grassland to crop land (Wright et al. 2017), timing of crop
harvest and changes in crop types (Glemnitz et al. 2015), and higher susceptibility to
predation from habitat change (Evans 2003). In terms of vital rates, nest survival and
brood survival as well as hen survival has been attributed as the most limiting factor
throughout midwestern United States (Warner et al. 1984, Etter et al. 1988, Schmitz and
Clark 1999).
Pheasant’s survival varies by season. Severe winters often lower survival by both
harsh weather conditions and also by exposing them to predators (Gabbert et al. 1999,
Kauth 2020). Nesting and brood rearing occur during spring and summer; during this
time, survival can be impacted by predators, weather, and lack of appropriate cover. The
initial weeks after hatching are vulnerable time for gallinaceous species (Aldridge and
Brigham 2002). Predation, along with exposure and low food availability, are common
explanations of mortality for precocial young (Criddle 1930, Johnson and Boyce 1990,
Korschgen et al. 1996a, Riley et al. 1998, Park et al. 2001). The reproductive period can
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be a risky period for females as well. Females invest considerable physical energy in egg
laying and rearing a brood (Erikstad 1986), and can experience heightened risk of
predation during this period (Flint and Grand 1997, Hannon et al. 2003).
Hen survival is an important driver of population dynamics for gallinaceous birds
(Sandercock et al. 2008, Taylor et al. 2018). Reduction in female survival associated with
egg production, incubation, or brood rearing have been well documented in many
galliform species (Hannon et al. 2003, Collier et al. 2009). Climatic factors also may
work in combination with reproductive effort to influence population growth (Lehman et
al. 2008, Webb et al. 2012). Local weather and large-scale patterns of climate during
various stages of their annual cycle may strongly influence the population dynamics of
pheasants (South Dakota Game Fish Park 2016) through weather dependent loss of
individuals, increased exposure to predators or change in vegetative structure (Chen et al
2020).
Our objectives were to: 1) to determine 8-months survival rates of pheasants, 2)
measure survival rates of pheasants during breeding season and identify potential
environmental predictors driving their survival.
METHODS
Study area
The study region covered ~1119 km2 area of southwestern Beadle County in
eastern South Dakota, United States. Beadle County experienced hot periods during the
summer and arctic air surges during the winter resulting in average annual temperatures
of 7° C , cumulative snowfall averages of 157 cm, and cumulative precipitation averages
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of 182 mm (2017-2019; National Oceanic and Atmospheric Administration 2019).
Dominant grass species included smooth brome (Bromus inermis), western wheatgrass
(Pascopyrum smithii), Kentucky blue (Poa pratensis), and big bluestems (Andropogon
gerardii). Corn (Them ayes), sorghum (Sorghum bicolor), and winter wheat (Triticum
aestivum) are the major crop types (Westin and Malo 1976). Common predators of
pheasants and pheasant nests included coyote (Canis latrans), raccoon (Procyon lotor),
badger (Mustelidae Mephitidae), striped skunk (Mephitis mephitis), red-tailed hawk
(Buteo jamaicensis), and northern harrier (Circus cyaneus). The study area landscape was
48% rowcrop agriculture, 36% pasture, 4% small-grain agriculture, 4% conservation
reserve program (CRP) grassland, 4% wetland, 4% developed, and <1% woody features.
Field methods
We captured female pheasants during winter (January-March) primarily with
walk-in traps from 2017-2019. When snow was scarce and walk-in traps were less
effective, we supplemented captures with nighttime spotlighting and netting. Following
capture, each bird was weighed, marked with a uniquely numbered aluminum butt-end
leg band (National Band & Tag Company), and fitted with a 15-g necklace-style very
high frequency radio transmitters (model A3960, Advanced Telemetry Systems, Isanti,
MN, USA). Fitted transmitters were less than 3% of the animal’s mass (Kenward 2001)
with an 8-hour mortality switch and an expected battery life of 400 days. We located
radio-marked pheasants 3-5 days/week by triangulation with vehicle‐mounted null-peak
systems (Cox et al. 2002). We obtained locations for each individual on a rotational
schedule during 1 of 3 activity periods (dawn-1100 hrs, 1101-1500 hrs, 1501-dusk) to
correspond with daily foraging and loafing behavior (Weston 1954). All animal handling
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procedures were approved by the Institutional Animal Care and Use Committee at South
Dakota State University (IACUC approval # 16-086A).
If a pheasants’ radio-transmitter signal was detected on mortality mode, the
pheasant was recovered immediately, and cause of death was investigated. We assumed
predation occurred if portions of the carcass were consumed. Also, we assumed predation
occurred if no carcass could be found, but the collar was removed with evidence of a
struggle nearby such as blood on collar and numerous feathers. We differentiated
mammalian predation from avian predation based on characteristics found at the
mortality site. If bite or chew marks were present on bones or the collar, or if the carcass
was buried, we assumed mammalian predation. If feathers were plucked, head was
severed, and/or bones and collar did not display chew/bite marks, we assumed avian
predation. Daily monitoring of captured pheasants reduced bias associated with lag-time
in recovery of corpses in determining true cause of mortality (Bumann and Stauffer
2002).
Relative abundance of predators
We considered that pheasants may select nesting locations in areas with lower
relative abundance of mammalian and avian predators. We used camera traps and
roadside surveys to assess the relative abundance of mammalian and avian predators,
respectively. Surveys were conducted during the pheasant breeding season (May-August)
each year. To survey for mammalian predators, we set Bushnell HD Trail Cameras
(Bushnell Inc. Des Plaines, II) across our study area. Cameras were set at random
locations within grassland patches which is considered idle for pheasant nesting habitat.
Each camera was set to capture three photographs per five seconds. To increase the
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probability of detection, we placed a USDA Fatty acid predator lure ~5 meters in front of
each camera. Each week, we checked each camera, refreshed the scent lure, and replaced
the SD card (8 GB), batteries, or both (as needed). To survey raptors, we established six,
21-km long survey routes. Raptor surveys were conducted once per week within the two
hours after sunrise. We calculated a relative abundance index (RAI) as:
𝑅𝐴𝐼 = (

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑎𝑝𝑡𝑜𝑟𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑠𝑢𝑟𝑣𝑒𝑦𝑒𝑑

for each transect (Jenks et al. 2011). For mammalian predators, our camera traps
identified four species (see Results). For each species, we calculated RAI as:
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑔𝑟𝑎𝑝ℎ𝑠 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑅𝐴𝐼 = (
) × 100
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑡ℎ𝑒 𝑐𝑎𝑚𝑒𝑟𝑎 𝑤𝑎𝑠 𝑎𝑐𝑡𝑖𝑣𝑒
for each camera site (Jenks et al. 2011). We required sequential photographs of
the same species to be separated by ≥30 minutes to be considered independent detections
(Iannarilli et al. 2021, Jenks et al. 2011).
We further used an inverse distance weighted (IDW) method in ArcGIS (Esri,
Redlands, California, US) to interpolate RAI of mammalian and avian predators across
the study area. Separate RAI raster maps were created for each mammalian and avian
predator species using IDW. We then used Raster Calculator to combine these maps into
one map each for mammalian and avian predator.
Weather
We recorded average daily temperature, and average daily precipitation
throughout the breeding season from a weather station located ~28 km northeast of the
study area.
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Space use predictors
We developed landscape variables using the Spatial Analyst package in ArcGIS.
We used the USDA Cropland Data Layer (CDL; US Department of Agriculture, National
Agricultural Statistics Service 2019), a digital land cover map produced annually from
satellite imagery, which shows the type and location of different land-cover types
including grasslands, wetlands, and crops. The CDL depicts the land cover at 30-m
resolution and classifies the land cover into 133 land-cover classes based on the dominate
vegetation and cultivated agriculture products grown. We reclassified the original landcover classes depicted in the CDL into five cover classes: grassland, rowcrop, small
grain, forest, and other. Grass-dominated land cover ranged from native prairie to
anthropogenically altered grasslands such as hay lands and pastures. Lands enrolled in
conservation reserve program (CRP) grassland were identified using US Department of
Agriculture shapefiles. Using ArcGIS, we then created two separate classes: grassland
without CRP grassland classified as grassland and CRP grassland classified as CRP. We
categorized agricultural crops including corn, soybeans (Glycine max), and sorghum as
rowcrop. We classified crops like wheat, barley (Hordeum vulgare), and oats (Avena
sativa) as small grains. We classified deciduous, evergreen, and mixed forests as forest.
Remaining land-cover types were classified as other (Wright et al. 2017). We also
quantified distance to grassland, rowcrop, small grains, forest, CRP, and road from center
of each home range using ArcGIS.
Data Analysis
To assess importance of land-cover variables on survival, we created home range
using minimum convex polygon for each bird and then calculated proportion of different
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habitats at 500-m and 1000-m scale around center of each home range (1 and 2 times the
radius of average pheasant home range size during nesting and brooding seasons,
respectively; Clark et al. 1999, White 2012).
We estimated annual survivorship using the Kaplan-Meier procedure modified to
include staggered entry of animals (Pollock et al. 1990). We estimated 8-month
survivorship based on tracking information gathered from January to August. We also
related survivorship to habitat and landscape characteristics and weather variables using
Cox proportional hazards models with the coxph procedure implemented in the survival
package (Therneau 2021) of the R software v3.6.1 (R Core Team 2019). We tested
assumption of cox model using cox.zph function (Fox 2002) from survival package. We
estimated survival during the pre-nesting (1 April-15 May) and nesting (16 May-31 Aug)
seasons.
Prior to modeling the effects of landscapes attributes on pheasant survival, we
first evaluated correlations among landscape metrics. Covariates with Pearson’s Product
Moment Correlation |r| < 0.7 were retained for analysis (Farrell et al. 2019). We first ran
univariate models of chosen covariates to determine the form and scale that best
represented pheasant’s survival. Each spatial predictor had a model set that included all
forms (percentage of cover types and distance to cover type) and spatial scales. We
evaluated univariate models using Akaike’s Information Criterion corrected for small
sample size bias (AICc; Burnham and Anderson 2002). The selected combination of form
and scale with the lowest AICc score was used to represent that variable in the final
model set (Aldridge et al. 2012, Fedy et al. 2014). This approach allowed for a multiscale model that can contribute to better model performance compared to single-scale

223

models (Graf et al. 2005). We ran all possible combinations of the most supported form
and scale of each predictor along with RAI of mammal and avian predator in final model
sets. We also evaluated impact of year and average movement on survival during prenesting and nesting period.
We selected the most-supported model from among candidate models using a
ΔAICc threshold of ∆AICc ≤ 2, while accounting for potential uninformative parameters
(Leroux 2019). We used ∆AICc, log likelihood and 85% confidence interval to identify
uninformative predictors (Leroux 2019); models containing uninformative predictors
were excluded from subsequent model sets.
RESULTS
We captured, radio-tagged, and monitored 321 hens during the study (2017: n =
87, 2018: n = 90, 2019: n = 144). We used data from 186 and 162 birds to estimate prenesting and nesting survival over three years, respectively. We had 28 (mammal = 12,
avian = 10, unknown predation = 4, unknown = 2) and 82 mortalities (mammal = 38,
avian = 28, mowed = 4, unknown predation = 9, unknown = 3) in pre-nesting and nesting
season, respectively. Over 3 years, we setup camera traps at 80 locations out of which 53
were unique locations. In total, these cameras were active for 9394 camera trap days. We
conducted a total of 1,472 road-side raptor surveys during study period. Average RAI for
mammalian predators ranged from 1.17 (2.05) for badger to 10.44 (4.05) for raccoons
while RAI for avian predators ranged from 4.18 (2.09) for swainson’s hawk (Buteo
swainsoni) to 11.16 (3.12) for red-tailed hawk across study area.
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Pheasant’s 8-month survival varied from 0.46 to 0.28 over 3-year period (Table 61). Our monthly survival estimate suggested lowest survival in month of January while
highest in month of May (Table 6-2). Pre-nesting period demonstrated a higher survival
rate compared to nesting period (Table 6-2). During pre-nesting season, area under CRP
at 500-m scale, proximity to small grain, and proximity to road influenced pheasant
survival (Table 6-3). The candidate model also suggested influence of area under
rowcrop at 1000-m scale on survival (Table 6-3). Area under CRP positively impacted
survival (Table 6-4). The closer pheasants were to small grain and roadsides, higher was
their survival (Table 6-4). During nesting season, distance to grass, and area under CRP
at 1000-m scale had significant impact on survival (Table 6-3). The candidate models
also suggested influence of RAI of avian predators and area under small grain at 500-m
scale (Table 6-3). RAI of avian predators was, however, an uninformative parameter
(Table 6-3). Survival during these two seasons was also significantly negatively impacted
by RAI of mammals (Table 6-3, Table 6-4). Our results also demonstrated negative effect
of average movement during these seasons on pheasant’s survival (Table 6-4).
We found a positive impact of precipitation and temperature on survival during
pre-nesting season (Table 6-4). During nesting season, precipitation best explained
survival (Table 6-3), but it was an uninformative parameter (Table 6-4). The candidate
model suggested impact of temperature on survival, but it was also an uninformative
parameter.
DISCUSSION
Understanding the demographic consequences of anthropogenic habitat change is
essential as natural habitats are being rapidly converted to human dominated landscapes.
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Our analysis demonstrated variation in annual survival rates of females. This might be
due to year-to-year variation in weather conditions as well as change in landscape
conditions. This could also have impacted predator population, thereby further impacting
pheasant’s survival. One possible explanation for lower survival in altered landscapes is
an increase in the density of generalist mammalian predators as the proportion of
agriculture increases within the landscape (Manzer and Hannon 2008).
The reproductive period is a high-risk time for ground dwelling birds attending to
nests and broods (Flint & Grand 1997). Individual female reproductive success and
survival during this period drives overall population dynamics because all female
pheasants make at least one nest attempt each year, and parental care is provided
exclusively by the female (Flake 2012).
Mortality during the reproductive period may be linked with high levels of
parental investment (Hannon et al. 2003), including periodic travel to and from the nest
during laying and incubation, increased movement and calling while rearing broods, as
well as the risk associated with distracting predators away from chicks. Our result of
nesting season survival aligns with other studies that were done in similar agricultural
landscape (Brittas et al. 1992, Leif 1994). We also found higher survival among female
pheasants during pre-nesting period compared with the nesting period (Table 6-1).
Females may be vulnerable to predators during nesting as they are less likely to flush if
attending eggs or young (Hagen et al. 2013).
Our finding suggested that more average distance travelled by a bird during
breeding season had a negative impact on their survival. Within-season movements may
allow birds to track changes in habitat quality or to adjust site choice between subsequent
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breeding attempts. But large and frequent movements can also make them more exposed
to predation and weather elements (Ceresa et al. 2020).
Despite pheasants being classified by some as habitat generalists due to their
distribution across a wide range of habitats (Bridgman 2002), they are primarily a
grassland species and need grassland for their nesting success, reproductive success, and
adult survival (Clark et. al 1999, Riley and Schulz 2001). Our findings showed benefits
of availability of small grain at finer scale during nesting season. Small grains are widely
known to provide good cover during breeding season (Jorgensen et al. 2014, Pauly et al.
2018). Pheasant survival during breeding season was also impacted by distance to road
and CRP cover. The critical importance of CRP grasslands intermixed with rowcrop
agriculture on pheasant population has been well documented (Riley 1995, Haroldson et
al. 2006, Nielson et al. 2008, Jorgensen et al. 2014, Pabian et al. 2015). Positive impact of
roadside proximity to adult survival could be attributed to low level of disturbance these
vegetation experiences compared to crop fields which are often destroyed by mowing,
cultivation or other farming activities (Rodenhouse and Best 1983, Frawley 1989).
Robertson (1996) determined that pheasants had higher survival and select strip cover
(defined as: roadsides, fence lines, ditches, railways) over residual (defined as: ungrazed
grass, old fields, conservation reserve, soil bank, short wetland vegetation, and other
residual cover) for nesting.
Apart from a mosaic of habitat that is necessary to fulfill the life stage
requirements for pheasants, pheasant populations are significantly impacted by harsh
weather conditions (Laskowski et al. 2017). We observed that precipitation and
temperature had a positive impact on pheasant survival during pre-nesting season.
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Weather can affect survival directly through exposure to heat and flooding (Moreno and
Møller 2011) and indirectly through altered food availability or predation risk (Crick
2004, Jenouvrier 2013, Newton 2013). Previous research indicates that the effect of daily
precipitation on ground dwelling birds’ survival is likely context-dependent, with some
studies finding high survival on days with precipitation (Conrey et al. 2016) and others
finding survival to be less likely on days with precipitation (Lehman et al. 2008, Webb et
al. 2012, Dinkins et al. 2016). In the breeding season, positive impact of precipitation on
survival could be attributed to increase in vegetative cover and decrease in predation
activity. Despite general thinking that increase in rise in temperature will negatively
impact survival of grassland birds (Marcelino et al. 2020), habitat loss and fragmentation
can modify this relationship. At regional scales, grassland bird abundance and survival
are affected by the interaction of habitat availability and climate (Reino et al. 2013,
Jarzyna et al. 2016). Increasing temperatures can lead to higher probabilities of localized
extinctions for grassland birds, but this effect is strongest in landscapes with low amounts
of habitat (Jarzyna et al. 2016). Vegetation cover, fragmentation, and edge habitat can
further alter microclimates and potentially mediate the effect of extreme events on
grassland birds (Latimer and Zuckerberg 2020).
High proportions of mortality from predation are common among gallinaceous
birds (Riley & Schultz 2001, Schroeder & Baydack 2001). Mammals were prominent
predators in our study systems and accounted for the majority of pheasant mortality.
These findings contribute to our ability to effectively manage for pheasant
populations in South Dakota by increasing our understanding of how pheasants would
respond to management efforts. Reduction in habitat quantity and quality has been
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implicated as a contemporary mechanism for continued decrease in species persistence,
and associated population declines (Haukos and Boal 2016, Rodgers 2016). Wildlife
managers need to establish multiple land-cover types close together to provide pheasants
refuge from the vagaries of unforeseen and unpredictable weather elements. Given
importance of roadside cover for their nesting and winter survival, wildlife managers
should stop mowing in peak nesting season and allow them to persist as herbaceous cover
for pheasant use. To realize full benefits of CRP cover, habitat value of cover should be
enhanced by maintaining plant diversity, and by inter-seeding perennial legumes and
other forbs into recently burned grass stands. In landscape systems where the majority of
land is privately owned, groups of landowners may be incentivized to coordinate efforts
at the landscape scale and maintain habitat heterogeneity in the landscape.
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Table 6-1. Pheasant survival estimate over 8 month (January-August) period across study
area in Beadle County, South Dakota, USA along with standard errors (SE), and 95%
confidence interval lower and upper (LL, UL) for year 2017, 2018, and 2019
Year
2017
2018
2019

Survival
Estimate
0.463
0.434
0.283

SE

LL

UL

0.055
0.057
0.043

0.367
0.335
0.210

0.584
0.564
0.382
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Table 6-2. Pheasant survival estimate across study area in Beadle County, South Dakota,
USA from 2017-2019 along with standard errors (SE), and 95% confidence interval lower
and upper (LL, UL) for each month (January-August), pre-nesting (1 April-15 May), and
nesting (16 May-31 August) season
Month/Season
January
February
March
April
May
June
July
August
Pre-nesting
Nesting

Survival
Estimate
0.83
0.93
0.87
0.91
0.94
0.86
0.91
0.88
0.85
0.72

SE

LL

UL

0.034
0.018
0.022
0.020
0.017
0.027
0.025
0.035
0.021
0.036

0.768
0.889
0.831
0.877
0.900
0.807
0.860
0.810
0.804
0.664

0.905
0.962
0.919
0.956
0.070
0.916
0.950
0.940
0.906
0.807
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Table 6-3. Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc values (∆AICc), log
likelihood (LogLik), and Akaike weights (Weight) from the most-supported models explaining pheasant survival across study area in
Beadle County, South Dakota, USA from 2017-2019 under different category in each season
Season
Prenesting

Nesting

Category Model Structure
Disperse Disperse
Habitat
CRP500 + RAI_Mammal + Dist_SmallGrain + Dist_Road
CRP500 + RAI_Mammal + Dist_SmallGrain + Dist_Road
+ Dist_Grass
CRP500 + RAI_Mammal + Dist_SmallGrain + Dist_Road
+ Rowcrop1000
Weather Prcp + Tavg
Tavg
Constant
Prcp
Disperse Disperse
Habitat
Dist_Grass + CRP1000 + RAI_Mammal
Dist_Grass + CRP1000+RAI_Mammal + RAI_Avian
RAI_Mammal + Dist_Grass + CRP1000 + SmallGrain500
Dist_Grass + CRP1000 + SmallGrain500 + RAI_Avian
RAI_Mammal + CRP1000 + SmallGrain500
Weather Prcp
Tavg

K
1
4
5

AICc
274.7
256.5
257.2

∆AICc
0.00
0.00
0.77

LogLik
-136.4
-123.4
-122.3

Weight
1.00
0.22
0.15

5

258.2

1.76

-122.8

0.09

2
1
0
1
1
3
4
4
4
3
1
1

275.9
276.8
277.8
279.1
397.9
391.2
391.7
391.8
392.1
392.7
400.1
400.5

0.00
0.90
1.93
3.21
0.00
0.00
0.51
0.55
0.92
1.52
0.00
0.43

-135.6
-137.3
-138.8
-138.4
-197.9
-192.3
-191.3
-191.3
-191.5
-193.1
-198.9
-199.2

0.60
0.28
0.09
0.03
1.00
0.32
0.28
0.25
0.02
0.02
0.35
0.28

Note: Pre-nesting = period from 1 April-15 May, Nesting = period from 16 May-31 August, CRP = grassland enrolled in conservation reserve
program, Dist prefix indicates distance to nearest identified land-cover type, Prcp = average daily precipitation, Tavg = average daily temperature,
and RAI = relative abundance index.
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Table 6-4. Parameters from top models explaining pheasant survival across study area in
Beadle County, South Dakota, USA for each season from 2017-2019 along with their
hazard ratio (HR), standard error (SE), p-value, and 95% confidence interval lower and
upper (LL, UL)
Season
Prenesting

Nesting

Category Parameters
Movement Movement
Habitat
Dist_SmallGrain
Dist_Road
CRP500m
RAI_Mammal
Weather
Prcp
Tavg
Movement Movement
Habitat
CRP1000m
Dist_Grass
RAI_Mammal
Weather
Prcp

HR
1.003
1.004
1.001
0.011
1.175
0.393
0.718
1.002
0.033
1.001
1.147
0.826

SE
0.001
0.001
0.002
2.107
0.049
0.423
0.142
0.001
1.634
0.003
0.046
0.123

p
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

LL
1.000
1.001
1.006
0.001
1.065
0.171
0.544
1.000
0.001
1.001
1.044
0.677

UL
1.005
1.007
1.018
0.661
1.292
0.901
0.948
1.004
0.859
1.002
1.261
1.043

Note: Pre-nesting = period from 1 April-15 May, Nesting = period from 16 May-31 August, Dist
prefix indicates distance to nearest identified land-cover type, CRP = grassland enrolled in
conservation reserve program, Prcp = average daily precipitation, Tavg = average daily
temperature, and RAI = relative abundance index.
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APPENDIX I
Hierarchical process through which pheasants select areas in landscape
The hierarchical structure of our modeling approach was meant to mimic the
hierarchical nature in which species likely choose resource areas from the landscape
(Johnson 1980). Though area sensitivity has not been studied in pheasants, they are
known to occur more frequently and thrive in relatively large blocks of grassland and
wetland habitats compared to small ones (Hallett et al. 1988; Clark et al 1999; Riley and
Schulz 2001; Stackhouse 2012). Large areas of grassland are commonly associated with
increased probability of a species being present in an area, and in case of pheasants, area
is also positively correlated with nest success (Clark and Bogenschutz 1998; Clark et. al
1999; Riley and Schulz 2001), survival (Clark et. al 1999; Stackhouse 2012), and
population counts (Haroldson et al. 2010). This implies that pheasants choose areas that
are of the land cover type needed by their life history as habitat. Pheasants are also
naturalized species which makes them more vulnerable to habitat loss and fragmentation
than other latitudinal migrants (Bender et al. 1998). Pheasants, like any grassland birds,
need to move within and between different land cover patches to meet their seasonal
requirements, and to carry out activities necessary for survival and reproduction. On
dynamic landscape, movements among land cover patches have an important implication
for pheasant abundance and persistence (Snyder 1985; Hallett et al. 1988; Riley 1995;
Schmitz and Clark 1999). Accessibility to grasslands or grass and forb plantings has been
found to enhance pheasant reproduction, while accessibility to herbaceous wetland near
unharvested stands of agricultural crops has been found to enhance winter survival
(Warner and Joselyn 1986; Berner 1988; Riley 1995). Movement between habitat patches
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are often limited by the distance between patches and the permeability of the surrounding
matrix (Fischer and Lindenmayer 2002). Habitat fragmentation, by impacting patch size
and isolation, may influence pheasant populations by making land cover patches
inaccessible irrespective of their availability, by increasing dispersal costs among these
classes (Niemuth 2011) and can, therefore, impact pheasant distribution (Ashoori et al.
2018).
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Table A1. Model structure, number of parameters (K), Akaike’s information criterion (AICc), and difference in AICc (∆AICc), log
likelihood (LogLik), and Akaike weights (Weight) of models explaining probability of area being pheasant HotSpot across study area
in South Dakota, USA from 2006 to 2016 at spatial scale of 500 m, and 1000 m
Scale
500-composition

500-composition and contiguity

Models
%Grass + %SmallGrain
%Grass
%Wetlands + %Grass
%SmallGrain + %Grass + %Wetland
%Rowcrop
%Grass + %Rowcrop
%Grass + %SmallGrain + %Rowcrop
%SmallGrain + %Rowcrop
%Wetland + %Rowcrop
%Grass + %SmallGrain + %Wetland +
%Rowcrop
%SmallGrain
%Rowcrop + %SmallGrain + %Wetland
%Wetland
%Wetland + %SmallGrain
Composition1 + Cwetland + Crowcrop +
Csmallgrain + Cgrass
Composition1 + Crowcrop + Cgrass +
Csmallgrain
Composition1 + Crowcrop + Cgrass + Cwetland
+ Csmallgrain
Composition1 + Cgrass + Crowcrop

K
5
4
5
6
4
5
6
5
5
7

AICc
75.0
76.3
76.9
81.0
83.8
84.1
85.8
89.1
89.5
92.3

∆AICc
0.0
1.3
1.8
6.0
8.7
9.1
10.8
14.0
14.5
17.2

LogLik
-32.0
-33.8
-33.0
-33.7
-37.5
-36.5
-36.1
-39.0
-39.2
-38.1

Weight
0.497
0.265
0.198
0.025
0.006
0.005
0.002
<0.001
<0.001
<0.001

4
6
4
5
9

94.3
95.9
96.7
100.4
60.3

19.3
20.8
21.7
25.3
0.0

-42.8
-41.2
-44.0
-44.7
-19.4

<0.001
<0.001
<0.001
<0.001
0.513

8

60.8

0.6

-21.1

0.389

8

65.4

5.2

-23.4

0.039

7

65.6

5.4

-24.8

0.035
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Composition1 + Cgrass + Cwetland + 8
Csmallgrain
Composition1 + Csmallgrain + Cgrass
7
Composition1 + Csmallgrain + Crowcrop
7
Composition1 + Cgrass + Cwetland
7
Composition1 + Cgrass
6
Composition1 + Crowcrop
6
Composition1 + Cwetland + Crowcrop
7
Composition1 + Csmallgrain + Cwetland
7
Composition1 + Csmallgrain
6
Composition1 + Cwetland
6
500-composition, contiguity and Contiguity2 + NProwcrop
8
fragmentation
Contiguity2 + NPsmallgrain
8
Contiguity2 + NPwetland
8
Contiguity2 + NPgrass
8
Contiguity2 + NProwcrop + NPsmallgrain
9
Contiguity2 + NPwetland + NProwcrop
9
Contiguity2 + NProwcrop + NPgrass
9
Contiguity2 + NPsmallgrain + NPwetland
9
Contiguity2 + NPsmallgrain + NPgrass
9
Contiguity2 + NPgrass + NPwetland
9
Contiguity2 + NProwcrop + NPsmallgrain + 10
NPwetland
Contiguity2 + NPsmallgrain + NPgrass + 10
NProwcrop

69.0

8.7

-25.1

0.007

69.7
69.9
70.5
71.0
73.0
73.1
73.5
73.8
74.0
56.6
60.8
61.9
64.2
70.1
70.5
71.8
73.6
75.6
77.0
84.0

9.4
9.7
10.2
10.7
12.7
12.8
13.2
13.5
14.6
0.0
4.2
5.3
7.7
13.5
13.9
15.2
17.1
19.0
20.4
27.5

-26.8
-26.9
-27.2
-28.7
-29.7
-28.5
-28.7
-30.1
-30.7
-18.9
-21.0
-21.6
-22.8
-24.3
-24.5
-25.2
-26.1
-27.1
-27.8
-29.9

0.005
0.004
0.003
0.002
<0.001
<0.001
<0.001
<0.001
<0.001
0.820
0.102
0.058
0.018
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

85.3

28.7

-30.5

<0.001
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1000-composition

1000-composition and contiguity

Contiguity2 + NPwetland + NPsmallgrain +
NPgrass
Contiguity2 + NPgrass + NPsmallgrain +
NProwcrop + NPwetland
%Grass + %SmallGrain
%Grass + %SmallGrain + %Wetland
%Wetland + %Grass
%Grass
%Rowcrop + %Smallgrain + %Grass
%Grass + %SmallGrain + %Rowcrop +
%Wetland
%Grass + %Rowcrop
%SmallGrain + %Rowcrop
%SmallGrain
%Rowcrop
%Rowcrop + %Smallgrain + %Wetland
%Wetland + %Rowcrop
%Wetland + %SmallGrain
%Wetland
Composition1 + Csmallgrain + Crowcrop
Composition1 + Csmallgrain + Cgrass
Composition1 + Crowcrop + Cwetland +
Csmallgrain
Composition1 + Crowcrop + Cwetland + Cgrass
+ Csmallgrain

10

88.9

32.3

-32.3

<0.001

11

99.3

42.8

-36.0

<0.001

5
6
5
4
6
7

45.5
51.4
56.5
57.3
57.4
63.6

0.0
5.9
11.1
11.9
11.9
18.1

-17.2
-18.9
-22.7
-24.3
-21.9
-23.8

0.942
0.049
0.004
0.003
0.002
<0.001

5
5
4
4
6
5
5
4
7
7
8

66.2
73.8
78.6
78.7
80.1
80.9
83.5
91.1
39.0
40.4
40.6

20.7
28.3
33.2
33.2
34.6
35.4
38.0
45.6
0.0
1.4
1.6

-27.5
-31.4
-35.0
-35.0
-33.3
-34.9
-36.2
-41.2
-11.4
-12.1
-10.9

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.309
0.152
0.138

9

40.6

1.7

-9.6

0.134
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Composition1 + Cgrass + Cwetland +
Csmallgrain
Composition1 + Csmallgrain
Composition1 + Crowcrop
Composition1 + Cgrass + Crowcrop
Composition1 + Csmallgrain + Cwetland
Composition1 + Cgrass
Composition1 + Crowcrop + Cwetland
Composition1 + Crowcrop + Cwetland + Cgrass
Composition1 + Cwetland + Cgrass
Composition1 + Cwetland
1000-composition, contiguity and Contiguity2 + NPgrass
fragmentation
Contiguity2 + NProwcrop
Contiguity2 + NPwetland
Contiguity2 + NPsmallgrain
Contiguity2 + NPgrass + NProwcrop
Contiguity2 + NPwetland + NProwcrop
Contiguity2 + NPgrass + NPsmallgrain
Contiguity2 + NPwetland + NPgrass
Contiguity2 + NPsmallgrain + NProwcrop
Contiguity2 + NPwetland + NPsmallgrain
Contiguity2 + NProwcrop + NPgrass +
NPwetland
Contiguity2 + NProwcrop + NPgrass +
NPsmallgrain

8

42.1

3.2

-11.7

0.063

6
6
7
7
6
7
8
7
6
8
8
8
8
9
9
9
9
9
9
10

42.4
43.4
43.6
44.1
44.6
45.0
45.2
46.1
47.0
51.7
53.8
55.2
55.7
67.0
67.8
68.6
68.8
70.1
71.8
82.4

3.4
4.4
4.6
5.1
5.6
6.0
6.3
7.2
8.0
0.0
2.1
3.5
4.0
15.2
16.0
16.9
17.1
18.4
20.1
30.7

-14.4
-14.9
-13.7
-14.0
-15.5
-14.5
-13.2
-15.0
-16.7
-16.5
-17.6
-18.2
-18.5
-22.7
-23.1
-23.6
-23.7
-24.3
-25.2
-29.1

0.056
0.033
0.031
0.024
0.019
0.015
0.014
0.009
0.006
0.602
0.209
0.105
0.083
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

10

83.7

32.0

-29.7

<0.001
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Contiguity2 + NPgrass + NPsmallgrain + 10
NPwetland
Contiguity2 + NPgrass + NPsmallgrain + 11
NProwcrop + NPwetland

85.5

33.7

-30.6

<0.001

99.3

47.6

-36.0

<0.001

Note: % represents percentage of landscape under each land cover type. C represents contiguity of each land cover type. NP represents number
of patches in each land cover type. Composition1=covariates from best supported composition model. 500 m: %Grass and %SmallGrain. 1000
m: %Grass and %SmallGrain. Contiguity2=covariates from best supported composition and contiguity model. 500 m: %Grass, Cgrass,
Csmallgrain, Crowcrop. 1000 m: %Grass, %SmallGrain, Crowcrop, Csmallgrain.
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a)

b)

Fig. A1 Trend in fragmentation indices: a) percentage of landscape under grassland
(%G) and cultivation (%C), and b) number of patches in grassland (NP_G) and
cultivation (NP_C) across HotSpot (HS) and ColdSpot (CS) over 11-year (2006-2016)
period across study area in South Dakota, USA. Continuous line depicts grassland area
(% or number of patches (NP)) in HotSpot, longdash line depicts grassland area in (%
or NP) ColdSpot, dotdash depicts cultivated areas (% or NP) in HotSpot, and dotted line
depicts cultivated areas (% or NP) in ColdSpot.
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APPENDIX II
Table A1 Model structure, number of parameters (K), Akaike’s information criterion (AICc), difference in AICc values (∆AICc), log
likelihood (LogLik), and Akaike weights (Weight) of models explaining pheasant 2nd-order nest-site selection across study area in
Beadle County, South Dakota, USA from 2017-2019 at different spatial scale
Model Structure
K
AICc
∆AICc
LogLik
Weight
CRP5000 + MammalianRAI5000 + Grass500 + Rowcrop5000 +
8
256.6
0.00
-120.009 0.609
SmallGrain5000
CRP5000 + MammalianRAI5000 + Grass500 + Rowcrop5000 +
9
257.5
0.88
-119.371 0.386
SmallGrain5000 + Wetland5000
MammalianRAI5000 + Grass500 + Rowcrop5000 + SmallGrain5000 7
261.4
4.73
-123.444 0.049
MammalianRAI5000 + Grass500 + Rowcrop5000 + SmallGrain5000 8
262.2
5.53
-122.774 0.033
+ Wetland5000
CRP5000 + MammalRAI5000 + Grass500 + AvianRAI5000 +
9
262.9
6.27
-122.065 0.023
Rowcrop5000 + SmallGrain5000
CRP5000 + MammalRAI5000 + Grass500 + AvianRAI5000 +
10
263.8
7.17
-121.429 0.014
Rowcrop5000 + SmallGrain5000 + Wetland5000
CRP5000 + MammalRAI5000 + Grass500 + Rowcrop5000 +
8
265.6
8.98
-124.497 0.006
Wetland5000
CRP5000 + Grass500 + Rowcrop5000 + SmallGrain5000
7
266.1
9.43
-125.790 0.005
CRP5000 + Grass500 + Rowcrop5000 + SmallGrain5000 +
8
266.5
9.90
-124.957 0.004
Wetland5000
MammalRAI5000 + Grass500 + AvianRAI5000 + Rowcrop5000 +
8
267.8
11.16
-125.587 0.002
SmallGrain50000
CRP5000 + MammalRAI5000 + Grass500 + Rowcrop5000
7
268.1
11.47
-126.814 0.002
MammalRAI5000 + Grass500 + AvianRAI5000 + Rowcrop5000 +
9
268.6
11.95
-124.905 0.001
SmallGrain50000 + Wetland5000
MammalRAI5000 + Grass500 + Rowcrop5000 + Wetland5000
7
269.5
12.83
-127.491 0.001
MammalRAI5000 + Grass500 + Rowcrop5000
6
269.7
13.05
-128.663 0.001
CRP5000 + Grass500 + Rowcrop5000 + Wetland5000
7
269.9
13.30
-127.727 0.001
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Table A2. Model structure, number of parameters (K), Akaike’s information criterion
(AICc), difference in AICc values (∆AICc), log likelihood (LogLik), and Akaike weights
(Weight) of models explaining pheasant 3rd-order nest-site selection at different scale
across study area in Beadle County, South Dakota, USA from 2017-2019
Scale

Model Structure

K

AICc ∆AICc LogLik

Weight

Microhabitat

VOR

4

339.7 0.00

-165.777

0.366

Grass

4

339.7 0.01

-165.777

0.365

VOR + Grass

5

342.0 2.24

-165.854

0.119

VOR + Bare

5

342.1 2.39

-165.927

0.111

Grass + Forb

5

345.6 5.86

-167.664

0.020

Bare

4

347.3 7.53

-169.540

0.008

Grass + Forb + VOR

6

349.7 10.01

-168.685

0.002

5

348.8 0.00

-169.283

0.336

6

350.3 1.50

-167.451

0.269

5

351.7 2.91

-169.736

0.213

5

352.0 3.16

-170.861

0.069

Contiguity_Grass1000

4

353.7 3.88

-172.266

0.048

MammalRAI1000

4

353.5 4.71

-172.680

0.032

%Grass500

4

353.6 4.78

-172.716

0.031

Macrohabitat Contiguity_Grass1000 +
MammalRAI1000
Contiguity_Grass1000 +
MammalRAI1000 +
%Grass500
MammalRAI1000 +
%Grass500
Contiguity_Grass1000 +
%Grass500

Note: VOR = vertical obstruction reading, Bare = percent cover of bare ground, RAI = relative
abundance index, % = percentage of land-cover type.
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Table A3. Model structure, number of parameters (K), Akaike’s information criterion
(AICc), difference in AICc values (∆AICc), log likelihood (LogLik), and Akaike weights
(Weight) of models explaining pheasant nest survival across study area in Beadle County,
South Dakota, USA from 2017-2019
Category

Model Structure

K

AICc ∆AICc LogLik

Weight

Temporal

Day

3

199.3 0.00

-96.500

0.630

Day + Year

5

201.6 2.40

-95.500

0.190

Year

4

201.8 2.50

-96.700

0.180

Prcp + Tavg + Wind

5

188.4 0.00

-88.950

0.784

Prcp + Tavg

4

191.4 2.93

-91.506

0.181

Prcp + Wind

4

195.4 7.00

-93.538

0.024

Tavg

3

199.5 11.10

-96.663

0.003

Litter

3

191.6 0.00

-92.675

0.200

Litter + Height

4

192.3 0.76

-91.986

0.137

Litter + Forb

4

192.8 1.21

-92.212

0.109

Litter + Grass

4

193.3 1.73

-92.468

0.084

Litter + Bare

4

193.7 2.12

-92.666

0.069

Litter + Height + Forb

5

193.7 2.14

-91.583

0.069

Litter + Height + Grass

5

194.4 2.84

-91.935

0.048

Litter + Height + Bare

5

194.5 2.93

-91.981

0.046

Litter + Grass + Forb

5

194.9 3.37

-92.200

0.037

Litter + Forb + Bare

5

195.0 3.39

-92.210

0.037

Litter + Grass + Bare

5

195.4 3.87

-92.451

0.029

4

195.7 0.00

-93.689

0.344

5

197.0 1.26

-93.227

0.184

Weather

Microhabitat

Macrohabitat Dist_Rowcrop +
Dist_SmallGrain
Dist_Rowcrop +
Dist_SmallGrain +
Contiguity_Rowcrop
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Dist_SmallGrain +

4

197.3 1.60

-94.489

0.155

Dist_Rowcrop

3

197.7 1.96

-95.740

0.129

Dist_Rowcrop +

4

199.3 3.61

-95.495

0.057

Dist_SmallGrain

3

199.5 3.78

-96.650

0.052

Contiguity_Rowcrop

3

199.6 3.91

-96.715

0.049

Contiguity_Rowcrop

Contiguity_Rowcrop

Note: Day = nest initiation date in breeding season, Prcp = average daily precipitation, Tavg =
average daily temperature, wind = wind speed at 2 m above ground, Bare = percent cover of bare
ground, Dist prefix indicates distance to nearest identified land-cover type.
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Table A4. Model structure, number of parameters (K), Akaike’s information criterion
(AICc), difference in AICc values (∆AICc), log likelihood (LogLik), and Akaike weights
(Weight) of category and combination of categories explaining pheasant nest survival
across study area in Beadle County, South Dakota, USA from 2017-2019
Level

Category

K

AICc

∆AICc LogLik

Weight

Individual

Weather

5

188.4

0.0

-89.0

0.810

Microhabitat level

3

191.6

3.1

-92.7

0.170

Macrohabitat

4

195.7

7.3

-93.7

0.020

Temporal

3

200.3

11.9

-97.0

0.002

8

172.7

0.0

-77.7

0.944

Weather+Microhabitat

6

179.1

6.4

-83.2

0.038

Weather+Temporal+

7

181.1

8.5

-83.1

0.013

Weather+Macrohabitat

7

185.1

12.5

-85.1

0.002

Macrohabitat+Microhabitat

5

187.7

15.1

-88.6

<0.001

Temporal+Macrohabitat+

6

187.9

15.2

-87.6

<0.001

Weather+Temporal

6

189.7

17.0

-88.5

<0.001

Temporal+Microhabitat

4

193.2

20.6

-92.4

<0.001

Temporal+Macrohabitat

5

193.3

20.6

-91.4

<0.001

Combination Weather+Temporal+
Macrohabitat

Microhabitat

Microhabitat

